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PREFACE 


Fifteen years ago the plant pathologists of America welcomed the 
appearance of ‘'Fungous Diseases of Plants/' by B. M. Duggar, as the 
first general text or reference book of American origin to occupy the 
field. *\Ithoiigh a number of books have since been written covering 
special phases of plant pathology, no general manual has appeared to 
serve as a guide in classes in general plant pathology, which has now 
l)eeome an accepted part of the agricultural curriculum. The pressing 
need for a modernized book for use in the author's classes was the motive 
that prompted the preparation of this book. The plan of presentation 
of tlie subject is essentially that which has been followed in the author's 
<‘lasses for the last 10 years. 

An attempt has been made to present a view of the whole field of 
plant pathology, including environmental and virus diseases as well as 
those c^f bacterial and fungous origin, as it is felt that a book of restricted 
mope would perpetuate an erroneous notion which has been prevalent 
in recent years as to the real province of plant pathology. It has also 
seemed advisable to avoid the dictionary type of presentation, and to 
ixive instead a detailed consideration of a much smaller number of 
diseases, with the hope that this method of approach will impress the 
stud<mt with the importance of the subject and stimulate detailed rather 
fhan superficial study. Additional types with a few guiding references 
are given witli the expectation that the student may be led to develop 
these? according to the general plan. 

.Xo attempt lias been made to present an organized treatment of 
ctilture ruetlmds and general plant pathological technique, or of the 
pianeiples and practice of disease control, since, with the rapid strides 
In re<*ent years, it is the practice to present these phases of the 
suhje<d in s(q)arat(^ courses. Special manuals covering these subjects 
^vould be welf,H>mtHl l)y all teachers. In the treatment of the parasitic 
diseases it lias seemed desirable to follow^ the taxonomic sequence, 
ratlier than host groups, since it is not generally possible to require 
sysfvinutic mycology as a prerequisite to the elementary course in plant 
paitiology. It has l>een the aim to introduce enough systematic mycol- 
og}" to prcrcuie for this lack of mycological preparation. The order of 
|)rt\sr*nlation may not suit all teachers. In actual practice, it may be 
varied if dt‘sirfd by pissing to See. IV, Parasitic Diseases, immediately 
following the two iiititMliictory chapters and then returning to a con- 
sideration of the lion-parasitic and virus diseases. 
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A number of principles have guided the selection of the diseases 
given detailed treatment. Consideration has been given to types of 
disease, economic importance, causal factors or pathogenes and control 
methods. Limitation of space is the only e.\'euse for the omission of 
certain important diseases which would otherwise have been introduced. 
It is felt that the historical introductions are well worth attention, a.s 
they will serve to impress the student with the fact that our present 
knowledge rests upon a long series of painstaking i-esearches, but that in 
most cases the field is still open for neve discoveries. 

The author is indebted to a large number of pathologists for illmstra- 
tions, which are credited in the legends, and to other pathologists for 
suggestions during the progress of the work. Special acknowledgment 
is here made to the late Dr. C. V. Piper for suggestions and critici.sms 
covering the entire manuscript, and to the following for a critical read- 
ing of portions of the manuscript: Dr. L. R. Jones, Dr. I. K. .Melhu.s, 
Dr. C. T. Gregory, Dr. F. A. Weiss, Dr. Fred R. Jones. Prof. .! B 
Norton, Dr. G. W. Keitt, Prof. H. P. Barss, Dr. L. K. .Jones, m 1) V 
Fisher, Dr. A. J. Mix, Prof. F. C. Reimer, Dr. A. J. Rikcr Dr W h' 
Martin, Dr. C. W. Hungerford, Dr. Wanda Weniger, Dr. N. J. Gidding.s' 
Dr. L. W. Durrell, Dr. M. F. Barrus, Dr. L. R. Heslcr, Prof. R. E, Smith.’ 
Prof. L. E. Melchers, Dr. J. J. Taubenhaus, Dr. Haven Metcalf Mr 
G. F. Garvatt, Mr. R. P. Marshall, Dr. E. C. Stakman, Dr. ^•. F Tiipk,*' 
Dr. N. A. Cobb, Dr. Wm. Trelease, Dr. G. L. Peltier, Dr. IL T. Giissow’ 
Prof. W. T. Horne, Dr. Chas. Brooks and Prof. p. C. Stewart. Iti 
pneral, the plan was followed of submitting portions of the manuscript 
or critical reading to those workers who had previously nuuie a -special 
study of the subjects covered. The author ha.s incorponitcd u.anV 
valuable suggestions received from these sources, and here wishes tn 
express his appreciation for the assistance rendered. For the iinal form 
of the manuscript, the author alone is responsible. 

3'Uthor is also indebted to his co-workers, Prof. B. F. Dami 

Mr. E. E. Honey and Mr. G. L. Zundel, for suggestions and aid during 
the progress of the work. 


State Coeiegb op Washington, 
Pullman, Wash., 

SepL, 1926. 


F. D. Hkalij. 
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SECTION I 

CHAPTER I 
INTRODUCTION 

Plant pathology is that phase of botanical science which deals with 
the diseases or troubles of plants. The knowledge concerning plant dis- 
eases now constitutes the field of phyto-pathology (Greek; Phyton, plant; 
Pathos, disease; Logos, discourse), a science which has come to rank with 
horticulture, agronomy and soil science in the realm of plant industry. 
The phytopathologists are the trained plant doctors, the “medicine men of 
agriculture,” w'hose final goal is successfully to prevent or control plant 
or crop diseases. 

Disease Defined. — It is important that a clear concept of disease, as 
applied to plants, should be gained at the very outset. In discussing 
disease, we may consider plants from two different points of view: first, 
a.s individuals whose place in nature is filled by growth to maturity with 
provision for the reproduction of their kind; and, second, as producers of 
crop.s, economic products, or possessors of qualities desired by man. The 
finst aspect of disease may be called the individual aspect, while the second 
may be designated as the agricultural or commercial aspect. 

First; disease in plants may be defined as any variation from the 
nctrmal, as expressed either by the checking or by the interruption of 
physiological activities or by structural changes, which are sufficiently 
})crnianent to check development, cause abnormal formations or lead to 
I premature death of a part of the plant or of the entire individual. Dis- 
' ease.s may be localized, affecting only special organs or parts, such as roots, 
stems, leaves, flowers or flower parts, or fruits, or only certain portions of 
these organs may be involved. Localized diseases stand in marked con- 
; trast to those winch pervade or affect the entire plant, which may, there- 
; 1 ■' ■ 
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fore, be classed as systemic troubles. A few illustrations will suffice to 
make this concept of disease clear. If a plant shows minute or more 
extensive yellow spots or dead areas upon its foliage, indicating imp;ur- 
ment or complete and permanent interruption of the chloioph% 11 tunc tit>n 
of localized areas, the photosynthetic activity or the foo<i-manufacturing 
power of the plant is impaired or lessened just in proportion to the amount 
of green tissue that is put out of business. Such a plant is as truly (.ii.s- 
eased as one which has suffered a derangement that has caused its entire 
foliage to become yellow or devoid of green pigment. The roofs of .n 
plant may suffer changes which retard or reduce the absorption of water 
or prevent absorption entirely, and the plant may suffer from watf'r 
shortage or it may wither and die as a result of these local disturbances. 
Whether these disturbances are slight or profound, disease result.s. 

Localized killing of bark and cambium at any point on trunk or 
branches, if the killed area completely girdles or encircles tlie structure, 
will result in the death of ail parts distal to the les ion, and if the lesion is 
on the main axis, the entire plant may be killed, as the root system will he 
starved, due to the breaking of the path along which the cIai)orated food 
travels from the foliage to the underground structures. Flovwws may Ix' 
blighted or fruits rotted by local disturbances which have no efre<d. upon 
the physiological processes of other organs, or these chang<*.s may come a.^ 
the result of rather deep-seated disturbances in the nutrition of the erdire 
plant body. All plant parts are likely to suffer path(.>logicul change.^, and 
there are no physiological processes that are free from po.ssii>!<> tierangc- 
ment. The physiological processes of absorption and conduction of wat<'r 
and solutes; carbohydrate and proteid synthesis; digestion, respiration 
and complicated metabolic processes; translocation of elaborated food; 
transpiration; growth; and reproduction in a healthy or noniiai plant are 
in delicately adjusted balance, the equilibrium of which may be up.set i>\' 
the operation of either internal or external factors. 

Second, disease may be defined as a “failure of thrifty developmcmt or 
failure of the plant to produce a commercial product of satisfactory 
quality and quantity” (Smith, R. E. and E. H, 1911). The fir.st portion 
of this definition alone, “failure of thrifty development,” would not 
suffice for our agricultural or commercial concept of disease, since there 
are various cases in which a plant makes an especially thrifty or vigorou-s 
vegetative development, but yields a product of poor or undesirable 
qualities. For example, apple trees which are apparently the picture of 
health may 3 deld a crop of friiit seriously damaged by Baldwin spot or 
bitter pit; or wheat which has all the external appearance of vegetative 
vigor may yield an abundance of “yellow berry” or starchy kernels. 
The commercial product may suffer in quality only, or in many 
there will be a lowering of quality or grade and a reduction inquantity. 
Fruits may be disfigured or deformed and their ket'ping (inalitie.s low<*retl ; 
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tubers and root crops may exhibit external or internal defects ; cereals may 
produce shriveled or shrunken grains, or these may be blackened with 
smut; hay or forage crops may be lowered in nutritive properties and for- 
est products may be stained or partially disintegrated. In all these cases, 
quality has been lowered as a result of the diseases responsible for these 
defects. As a general thing, severe foliage diseases are likely to cause 
a reduction in yield, since yield is so intimately related to the carbohy- 
drate manufacture; fruits may be fewer and smaller, tubers fewer and 
smaller, roots reduced in size and forage crops lowered in tonnage 
per acre. ■ 

Agricultural or commercial demands have established certain desirable 
characteristics which should be fulfilled by “crop/' or cultivated plants. 
Some of these qualities, which are desirable from the commercial stand- 
point, may be detrimental to the thrift or health of the plant. The 
variegated or golden varieties of our ornamental plants, prized for their 
decorative value, would be classed as sick plants according to our first 
definition. Could we say that the wild parsnip with its slender root is 
less healthy than its cultivated neighbor with its root gorged with reserve 
food? Many conditions w^hich are prized in cultivated plants are not the 
necessary accompaniments of a healthy or thrifty development. The 
above concepts of disease open a wide field for the plant pathologist and 
reveal the close relationship between his province and those of the agrono- 
mist, horticulturist and soil chemist or physicist. 

Needs or Requirements for a Thrifty Development. — Since thrifty 
development has been emphasized in our concept of health, it is proper 
that the needs or requirements for a thrifty development should be 
briefly enumerated: 

1. The proper inherent qualities of seed or stock from which plants 
are to be grown. This may be expressed in another way by saying that 
the parents of our crop plants should be selected. Seed or stock appar- 
ently sound or free from disease may really be carrying disease in a latent 
form. In such cases, disease may appear in the crop, even though 
dimatie and soil factors offer everything that is desirable. 

2. The proper environmental conditions of both air and soil — proper 
moisture, temperature and light relations; proper physical composition 
and aeration of the soil; and proper chemical composition both of soil and 
air in order that food materials may be available and toxic or poisonous 
sul;)stances be absent. For any given crop plant or variety of plant there 
is a certain amount of moisture, degree of warmth, light intensity, etc., 
the optimum, which will induce the best development. With increase 
beyond the optimum, growth and development may be retarded until 
the muximiim is reached, beyond which death results; or with reduction 
below the optimum, life processes may be slowed up until they either 
reach a very low ebb or cease entirely. , 
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3. Freedom from mechanical injuries. 

4. Freedom from the depredations of parasites, either animals or 
plants. 

It may be noted from this consideration of the needs or tlie require- 
ments for a thrifty development that there are endless possibilities of 
disease production. Any given plant must be inherently sound; must 
, have the proper degree of heat, intensity of light, amount of air and food 
‘ materials; the proper physical environment and freedom from mechaiiiea! 
injuries or the inroads of parasites, if it is to make a satisfactory growth. 
If any one of these factors, or a group of these factor.'^, i.s .studou.-^Iy 
disturbed, disease in either mild or severe form will result, 'riiere may 
be a disturbed water relation— too little or too much — a too great 
intensity or duration of light, too low or too high tempcraturc.s, 
deficiencies or excesses in chemical elements or compounds, or parasite.s 
that are simply living their own life may cause di.sturb:iiu*cs in the 
physiological processes of the hosts from which they arc obtaining 
their food. 

Kinds of Plant Diseases. — Three great gi'oups of plant trtniblc.s ma\' 
be recognized, according to the nature of the cau.sa} agents: (.! 1 mitt-pnm- 
dtic disturbances, due to lack of proper inherent <iualitie.s. to impropci- 
environmental conditions of sbil or air and to injurious mechanical influ- 
ences; (2) virus diseases, due to an infectious principle, a .so-calieii riruA, 
which can be transmitted from one plant to another; (3) parasitie trviibtes, 
due to the inroads of other organisms, or parasites, that live at the 
expense of their hosts, or suseepts, and cause a slight or pronounced 
disturbance in their life processes. 

Non-parasitic Diseases. — A proper understanding of the physiological 
processes in plants, especially the relation of these to production, would 
therefore seem of paramount importance in shedding light on the numer- 
ous non-parasitic diseases. In studying this group of diseases, the 
farmer, gardener or professional plant doctor can profit by being well 
grounded in fundamental physiological principles and in the recognized 
practices of scientific agriculture and horticulture. 'I’tus phase of plard- 
disease study must then stand in intimate relation to the work of the 
physiologist, the agronomist, the horticulturist and the soil chemist ami 
physicist. Within recent yeara, the rapid development of plant pathol- 
ogy has given greatest emphasis to the diseases due to parasites. Text- 
books in the English language like Du^ar, Butler, and others have 
really dealt with bacterial and fungous diseases, either alone or with but 
slight emphasis on the non-{^i^tie disturbances. The drift has beetj i 
away from the standard such workers as Sorauer and Frank in 

Germany, each of whom gav^ ab^t equal emphasis to parasitic and to 
non-parasitic diseases. p^tiye importance of the two types 

of plant diseases is very ^ treatment of the troubles 
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of the apple and the potato in recent bulletins. Examples of these non- 
parasitic troubles may be cited, as the bitter pit, Jonathan spot, scald, 
cork, drought spot, water core and winter sun scald of the apple; or the 
blackheart, frost necrosis and internal brown spot of the potato. All 
these are as truly diseases- as though they were caused by the presence of 
some form of animal or plant life. 

Virus Diseases. — This is a group of somewhat related diseases in 
which the disturbed condition is the result of an infectious principle, a 
so-called “ virus, which can be transmitted from diseased to healthy 
plants and communicate the disease. These troubles agree with the 
parasitic diseases due to bacteria, slime molds and fungi in being infectious, 
but no visible organisms or causal agents are known. .The infective 
principle, whatever it may be, is present in the juice or cell sap of a dis- 
eased plant, the different diseases showing varying degrees of infectious- 
ness. In the extreme they may be transmitted by mere contact, while, in 
others, less infectious, organic union of a diseased and healthy plant by 
grafting is necessary for the communication of the disease. The virus 
diseases behave so much like germ diseases that there has been a common 
theory that they are due to invisible microorganisms, much smaller than 
the smallest bacteria. 

The virus diseases are of the systemic type, the entire body of a sick 
plant being pervaded by the infectious principle. Under natural condi- 
tions insects are the most impT^rtant agents in the transmission of the 
virus from one plant to another. The first virus disease, the mosaic of 
tobacco, to be given definite recognition was reported in 1886. Since that 
time numerous diseases of the virus type have been described as affecting 
both wild and cultivated plants. The demonstrations as to the behavior 
of the virus diseases and the important part which they play in crop 
losses constitute one of the most important achievements of modern 
phytopathology. 

Parasitic Diseases. — In the broadest use of the term, parasitic dis- 
eases of plants should include all disturbances in the life and production 
of plants due to the attacks of some other living organism, either animal 
or plant. The attacking organisms which have become robbers or 
unbidden guests, living at the expense of plants, are the parasites, while 
the plants which harbor and entertain these robbers are the hosts. This 
is not the common society concept of the word '^host,^' but it is a conven- 
ient term and has been established by usage. ^^Suscepts'' has been 
offered as a substitute (Whetzei et at, 1925). In order that we may 
understand the field covered by plant pathology, a brief synopsis of the 
groups of organisms which prey upon plants, either wild or cultivated, 

- may be presented: (1) animal parasites or pests; (2) plant parasites. 

are furnished by five great 
grpups: (1) the higher aniwiah^ inuiudiBg gophers, squirrels, mice, rabbits 
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or other mammals; (2) the arthropods, including a limited number of 
crustaceans like the sow bugs, a few m3Tiapods or thousand-legged worms, 
a larger number of Arachnida, represented by mites and red spiders, and 
an enormous number of hexapods, or true insects; (3) mqllitsks. rcpre.sr-n te( I 
mainly by snails and slugs; (4) vermes or worms, represented In- certain 
genera of nematodes or eelworms; and (5) protozoa, represented by certain 
rhizopods and infusoria. 

The Plant Parasites. — Those parasites which belong to the plant 
kingdom are found in five different groups: (1) the higher or seal pia)d.-< 
(Spermatophytes), as illustrated by the dodders or love vines U'lincuhi 
spp^) on clover, alfalfa and various other hosts; the leafy niisthdoe.s 
(Viscum and Phoradendron spp.) on various fruit, forest or .s}iad(‘ tna's: 
the dwarf or scaly mistletoes (Razoiimofskya spp.) on coniferon.-j tre(‘s; t he 
broom rapes (Orobanche spp.) on tobacco, clover and a few other ho.xt.-:; 
and other parasites of lesser economic importance: (2) the ohuv. including 
only a very few species of little or no economic importance: (3 ) ihofun/ii. 
of first importance as the cause of infectious or contagiou.s (hsea.ses. as 
illustrated by molds, blights, rots, mildews, rusts, .smuts, etc.: iti th«> 
slim,e molds, or Myxomycetes, as represented by the club root {Pla.'.'niudi- 
ophora brassicoe) of cabbage and other crucifers and by the powdery .seals 
(Spongospora subterranea) of potatoes; (o) the bacteria or rieiu’zomye<‘te.'!, 
with a large and ever-increasing number of infectious di.sc'ase.s to their 
credit. These plant parasites listed in the order of their import!Ui<'eas 
causal agents of disease are: fungif bacteria, .seed plants and .sHuk' nuslds. 
Of the thousands of recognized species of fungi, by far the larger number 
are scavengers, living on dead or decomposing organic renutins, hut a 
large number have become confirmed parasites or are able to live* para- 
sitically when the opportunity offers. So numerous are thcisi* parasite.s 
that nearly every plant, wild or cultivated, has one to several, or in sumv 
cases numerous, fungi which prey upon it. 

Province of Plant Pathology. — It must be evident that the con.sidera- 
tion of all parasitic troubles would afford a field so broad and would 
demand such a diversity of training that it could hardly be adequately 
mastered by the plant doctors. Specialization, or the divi.sion of Inlaw 
has somewhat restricted the province of the plant pathologist or profes- 
sional plant doctor. Consideration of the depredations of higher aniimiLs 
and their effects upon agricultural production is generally assigned to the 
economic zodbgist. Study and investigation of the insect {jests of eeo^ 
nomic plants, using the term “insect” in its broadest sense, rather than its 
strictly scientific meaning, to include all arthropods, constitute a very 
important part of the field of the economic entombgist. The field of the 
plant pathologist, as it is genaally recognized at present, incluiies the 
wnsideration of all non-parasitic diseases, the virus diseases, ail troubl<*s 
due to the five groups of plant parasites, and, in addition, the nmm di.s- 
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eases, or those due to the eel worms or nematodes and also those of proto- 
zoan origin. A few years ago no protozoan parasites of plants were 
known, but recent investigations point to protozoans as a group of 
increasing importance as furnishing the causal agents of disease. The 
establishment of the pathogenicity of bacteria for man and domestic 
animals antedated the recognition of specific bacterial diseases of plants. 
Many protozoan parasites of man and animals are recognized today^ some 
as very important agents of disease, but so far as protozoan diseases of 
plants are concerned we are now entering a field of investigation, the 
importance of which only the future can reveal. 

The problems with which the professional plant doctor must deal call 
for the broadest kind of a training. He must be well grounded in the 
fundamentals of pure botany, including plant physiology, histology and 
taxonomy of seed plants; on account of the importance of fungous dis- 
eases, a detailed knowledge of systematic mycology is an essential part of 
his equipment; the increasing importance of bacteria as producers of 
plant disease would make him something of a bacteriologist; the similarity 
of plant troubles to those caused by insects leads him into the field of 
economic entomology; without a thorough training in chemistry and 
physics, he could make but little real progress; since the final goal of the 
plant doctor is the prevention of crop losses, or the destruction of plants 
or plant products, he must be in sympathy with agriculture in general 
and should have a good working knowledge of agronomic, soil and horti- 
cultural science ; and, finally, in order that the researches of the world may 
be an open book to him, the ability to read Latin, German and French 
should be acquired. 

The Beginnings of Plant Pathology. — It is undoubtedly true that 
plant diseases w’-ere robbing the tiller of the soil of some of the fruits of his 
labor at the very dawn of man’s civilization. Early historic and religious 
writings record the blighting, blasting, rusting or mildewing of the crops 
of the ancient peoples. Throughout the Ancient Era and the Dark Ages 
but little was known of the true physiological behavior of plants; conse- 
quently, the ideas concerning plant diseases remained fragmentary and 
unorganized. Superstitions, dogmas and false interpretations of phe- 
nomena characterized the period. Even in the seventeenth and eighteenth 
centuries there was but a slow dawning of our modern ideas of disease, and 
while the early part of the nineteenth century saw the publication of two 
e|:>ocli-makmg works (“Exantheme der Pflanzen,” by Unger in 1833, and 
^'Ffianzen-Pathologie,” by Meyen in 1841), neither author had accepted 
our modern idea of the parasitism of fungi. This is clearly shown by the 
fact that the later writer attributes the smut of corn to the stagnation of 
sap brought about by excessive and unnatural fertilizing, and calls the 
smut spores tlie product of an abnormal nutrition. The period from the 
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early beginnings of civilization to 1853, with its slow advancement, may 
be called the “Formative Era of Plant Pathology.” 

The Early Modern Era. — This was ushered in by the publication, in 
1853, of the classical work of Anton de Bary, the great German l)otanist 
and mycologist, on “Die Brand Pilze,” in which he establLsheil the 
of the fungi associated with rusts and smuts. The causal 
relation of Phytophthora infestans to the late blight of potatoe.s was pro veil 
by his investigations published in 1861, and the establishment of the 
relation of the aecidium on the barberry to the rust fungus on wlu'ut fol- 
lowed in 1865. The brilliant mycological work of the Tulasne brothens 
and others in France on the life history of ergot, powdery miidew.s, rust.s 
and smuts (1847-1863) and the contributions of M. J. Berkeley on British 
fungology and vegetable pathology (1846-1860) are also landmarks in the 
early part of the Modern Era. It remained, however, for Julius Kiihn, a 
contemporary and countryman of de Bary, to produce the first modern 
textbook of plant pathology— -one based on the mycological tli,seoveries of 
his contemporaries. This work, entitled “Die Krankheiten <{er Kulturge- 
wachse, ihre Ursachen und ihre Verhiitung,” appeared in 1S5S, and 
presents such an accurate, concise and complete treatment of phytopa- 
thology that Kiihn may with justice be given the title of “ Father of 
Modern Plant Pathology.” Soon after this the “ brilliant researches and 
convincing demonstrations of that noted French savant, I.oui.s Pa.stmir, 
swept away the nebulous foundations of spontaneous generation ” ( 1860 - 
1864), and improvement in culture methods soon followed which made 
possible more accurate studies of the life histories of fungi and the etiology 
of disease (Whetzel, 1918). 

The Place of Germany in the Early Modem Era.— The time was imw 
ripe for more rapid advances in plant pathology and important investiga- 
tions soon appeared and manuals were published which were lie.stineti to 
mold and direct the progress of plant pathological knowletige. At thi.< 
time the most important contributions were made by German scientist.**, 
a few of the outstanding figures being Brefeld, to be credited with numer- 
ous publications of a mycological character, beginning in 1872; Sfirauer. 
noted M the author of “Handbuch der Pflanzenkrankheitcn ’’ first pul>- 
lished in 1874 as a single volume, but in its present edition expanded to 
five vcdumes; Hartig, the “Father of Forest Pathology,” and the author 
of “Wichtige Krankheiten der Waldbaume” (1874), and other treatises 
on general and forest patholqgy; Frank, the author of “ Die Krankheiten 
der Pflanzen,” first published as a single volume (1880), but later e.x- 
panded to three volumes (1895-1896), and also of numerous other 
botanical contributions; Kirchner, whose work entitled “Die Kraak- 

heiten und Beschadigungen imserer kndwirttehafthchen Kulturpflan- 

zen (first edition, 1890, third edition, 1923) was arranpid by hosts 
for more practical use; von Tubeuf, author of “Pflamsenkrankheitea 
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durch Kiyptogame Parasiten verursacht” (1895), later translated b\- 
Smith as “Diseases of Plants Produced by Cryptogamic Parasites,” but 
more properly “Cryptogamic Parasites as the Cause of Di.sea.se,” beean.'^e 
of its strong mycological trend; Kiister, who produced the first coJuprehcTi- 
sive work on pathological plant anatomy, “ Pathoiogische Pfianzenana- 
tomie” (1903), later translated into English by Fi'ances Dori'ance. IMiile 
only prominent men responsible for manuals or texts are hero recoiaied, 
credit should be given to numerous investigators who, bj' their careful and 
painstaking researches, placed Germany far in the lead in the realm of 
plant pathology. 

The Contributions of Other Foreign Countries. — While this de- 
velopment of the science of plant pathology was proceeding in Ger- 
many, the scientific workers in other countries were making important 
contributions which were reflected in various manuahs and textbo<jks. 
A few of the more noteworthy may be recorded: Prillieux and Dela- 
croix in France, the former the author, of “IMaladies des Plantes 
Agricoles et des Arbres Fruitierset Forestiers” (1895), a comprehensive 
work in two volumes; the latter the author of “lilaladies des Plantes 
Cultiv6es” (1902), “Maladies Non-parasitaires” (1908), and “ilaladies 
des Plantes Cultiv4es dans les Pays Chauds” (191 1 ), completed after hi.s 
death by his successor, Maublanc; Comes, Savastano and Berle.se in 
Italy — Comes, author of an extensive work on cTyj)togamic parasites, 
“Le Crittogame parassite delle piante agrarie” (1882), and later pro- 
duced under the same name (1891); Savastano, who began publi.diiug in 
1881 and later produced his book on the disease.s of tn‘e.s, “ Patoiogia 
arborea applicata” (1910), and Berlese, best known for his publications 
on fungi which began in 1883, the most noteworthy being “ leone.s Fungo- 
rum omnium hucusque eognitorum ad u.sum Sylloge.s Saeeardiunm 
accommodatae” (1894-1905), designed to .supplement the descriptions of 
Saccardo’s Sylloge Fungorum; J. Ritzema Bos in Holland, Ix-st known as 
one of the editors of the Dutch journal on plant diseases, Tijikchrift mrr 
Plantenziekten (begun in 1904); Woronin, mycologist and path(i!ogi.-t of 
St. Petersburg, Russia, known especially for his very creditable work on 
the club root of cabbage (1878); Rostrup, the most noted Danish phyto- 
pathologist, who produced his greatest contribution, “Pknte piito'lgi” 
(1902), in his seventy-second year; Eriksson, a prominent Scantlintivian 
scientist, kno^ especially as the originator of the “mycoplasm ” thtmry 
and as the joint author with Henning of an important work on cen'al 
msts (1896), “Die Getreideroste, ihre Geschichte und Xatur sowie 
Massregen gegen dieselben;" Ideta in Japan, who published a book 
translated mto German under the title, “Lehrbuch der Pflanzenkrank- 
heiten m Japan” (1903); H. Marshall Ward in England, author of many 
researclms and also known because of his two books, “Timber and Rome 
of Its Diseases” (1889), “Diseases of Plants” (1901); and McAlpine, 
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Fig. 2. — Class ia piaat pathology, 


vosotublo' pathologist of the Department of Agriculture, Victoria, author 
of nuuuu-ous reports and investigations, but familiar to present patholo- 
gists from his “Fungous Diseases of Stone Fruits in Australia” (1902), 
“The Rusts of Australia” (1906), “The Smuts of Australia” (1910) and 
five rather elaborate reports on “Bitter-pit Investigations” (1911-1916). 
This gives a brief survey of a few of the most eminent phytopathologists 
of the countries mentioned. Many worthy investigators are of necessity 
omitted and the student is referred to the literature cited for more com- 
plete details. 

Phytopathology in America. — An account of the rise and development 
of plant pathology in America may now be presented. This subject was 
first taught incidentally with botany by Burrill in 1873 at the University 


of Illinois and as a special subject by Farlow in 1875 at Harvard. Two 
('arly events which gave impetus to the development of phytopatho- 
logical investigations in the United States were: first, the organization of 
a Section of Mycology in the Division of Botany of the U. S. Department 
of Agriculture (1885), with Lampson-Scribner as first Federal phyto- 
pathologist; and, second, the organization of the State Agricultural 
lO.xperiment Stations by the Hatch Act of 1887, which provided $15,000 
annually to each state Experiment Station for “scientific investigation 
and e.xrKuiment respecting the principles and application of agricultural 
.science,” with a further addition of $15,000 by the Adams Act of 1906 for 
more fundamental researches bearing upon agriculture. Increased 
emphasis has been given to the phytopathological investigations as a 
result of the Purnell Bill, wliich will ultimately give $60,000 additional 
Federal funds to each Experiment Station. 



Fio. 3. — Preparing sections for diagnosis of a disease by tb« use of the freeiiitg nricrfiiiitm' 
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The Development of Plant Pathology in the U. S. Department of 
Agriculture. — With the gradual increase in financial supjiort to th(> i , S. 
■Department of Agriculture, the work in plant pathology has grotvn IVoiii 
its simple beginnings with its single worker to many divisions iis The 
present Bureau of Plant Industry, with a whole army of plant doctors 
whose activities reach the remotest corners of the country, ihant-dis- 
ease investigations in this bureau are provided for in tin* following 
administrative groups: (1) Laboratory of Plant Pathology: i2. Plant- 
disease Survey and Pathological Collections; (tf) Fruit-<!iseas(' Invivtiga- 
^’,^ons. (4) Citrus-canker Eradication; (5) lavo.stigatiiiiis in l-'orcst 


Pathology; (6) Office of Blister-rust Control; (7) Cotton, Truck and 
Forage Crop Disease Investigations; (8) Cereal-disease Divisioti of OlKct* 
of Cereal Investigations; (9) Nema Diseases in Office of Agricuitund 
Technology; (10) Tobacco Diseases under Office of Tobacm and }*!ant 
Nutrition Investigations; (11) Diseases of Sugar-producing Plante under 
Office of Sugar-plant Investigations. 

In addition to these offices in the Bureau of Plant Industry, some 
plant pathological work is fnovided for in other bureaus: (I) Work on 
Fungicides by the Insecticide and Fungicide Laboratory of the Bureau of 
Chemistry; (2) Transportation or Market Diseases of Fruit and Vege- 
tables in Office of Market Inspection of Fruits and Vegetables in the 
Bureau of Agricultural Economics; (3) Insecticide and Fungicide Board; 
(4) Plant Quarantines under the Federal Horticultural Board. 


INTRODUVriON 


13 



' £.J;i 


The Development of Plant Pathology in the Various States. — The 
Hatch Act creating the Agricultural Experiment Stations placed them 
with the Agricultural Colleges of the different states; consequently these 
institutions have been the state centers of plant pathological activity, in 
many cases cooperating with the Federal Departments. This direct 
support and encouragement to teachers and investigators from the Land 
Grant Colleges and by the Federal Department have made possible rapid 
strides m our knowledge of plant diseases. At first, teaching and investi- 
gation in plant pathology went hand in hand, and were provided for as a 
part of the work of the Departments of Botany. In many states, tea^H 
ing and investigation have now been separated, or separate departihHjH 


4.-“”“Prepunnsg paraiHn sections for the study of a plant disease 


of Plant 1’atiiology organized. Whatever the organization, there are one 
to severu! workers in each Agricultural Experiment Station, devoting a 
part or all of tlieir time to the investigation of plant-disease problems, and 
plant pathology ha.s become one of the recognized subjects in the curricu- 
lum of the agricultural college. 

The Smith-Ix!ver Bill, passed by Congress in 1914, which provided 
funds for extension work in agriculture, has made possible the carrying of 
plantediwiiso information directly to the people by plant-disease special- 
ists. Many states have already adopted this plan and are using one to 
.several extension plant pathologists who work in cooperation with the 
investigatora of the Experiment Stations. 
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The Purnell Bill, passed by Congress in 192 ‘ 3 , gives still furtiier 
financial support to all State Experiment Stations— SHO.OOO amuiall\- 
— and plant-disease work has already been increased by this fund. 

Various states are maintainii]^ well-organized State Departiiumis of 
Agriculture, and plant-disease work is receiving more ami inun* atteiitinn. 
While police or inspection duties are of first concern in the .stale depart- 
ments, some attention is given to field phases of research and to cduc-at i( nial 
features. Horticultural inspectors should be well traineti botli in plant 

E " logy and in economic entomology, which is not alway.s true at 
it; but undoubtedly this state service will soon show improvement. 


Ro. 6. — Preparing culture media for the study o£ bacterial or fuagous imtliognuia. 

It is significant that but little of the real progress in plant piithoiogy 
has come from within the walls of our great endowed universititw «>r state 
universities separate from the Land Grant College. Within the hist few 
years these institutions have begun to introduce instruction in pitiiit 
pathology and to give more encouragement to plant-disease investigatioti-s. 
This is an omen of still further progress for the science of plant pathology, 
which has today reached a hi^er development in America than in any 
other part of the world. “Science like empire marches ever westward,” 
and the center of phytopathologic science has been transferred from the 
Old to the New World. 

American Contributions. In the early teaching of plant pathology in 
America, principal reliance was placed upon the Gernaau mapuals and 
teats or English translations of these works. A.m eri,mi, workers have 




INTRODUCTION 


15 



been so hmy with Experiment Station activities or investigations that 
the,y have had little time for the writing of books, with the result that 
many of the most noted pathologists of our country are known only from 
their published researches. The mills have been grinding steadily, and 
Federal and State bulletins and scientific periodicals are teeming with 
plant-disease information. The rapidity of our progress has militated 
against the production of textbooks, for the orthodox lecture of today is 
out of date tomorrow. 

Those who were attempting to use von Tubeuf and Smith's Diseases 
of Plants Induced by Cryptogamic Parasites” welcomed ^^Minne; 
Plant Diseases,” by Freeman, in 1905, and ^^Fungous Diseases of PI 


Fui, 0. — A field demonstration of potato diseases by G. L. Zundei, Extension Spedalist, 
State College of W^asbingtoix. (Photograph by F, €, Meier,), 


by Duggar , in 1909. The ''Spraying of Plants,” by Lodeman, also pub- 
lishcH,! in 1909, was a welcome contribution to our knowledge of that 
important method of disease control. ''Diseases of Economic Plants,” 
by Stevens and Hall (1910 and 1921), was the first American text to, 
iiielucie any non-parasitic diseases, but in this they were given but little 
emphasis. Symptoms, effects and control were the features emphasized 
for the parasitic diseases, so the student who used this book would learn 
but little about fungi, "Bacteria in Relation to Plant Diseases” (1905), 
by Smith, began a new chapter in our knowledge of bacterial diseases, 
and has been followed by two other large volumes (1911 and 1914). A 
single profii8i}iy illustrated volume on "Bacterial Diseases of Plants” has 
since been published by the same author (1920). Stevens^ work on "The 
Fungi Wliich Cause Plant Diseases” (1913) and Plant Disease Fungi, 
(1!I25> and Clemeats' "Key to the Genera of Fungi” ’(1909) have been 



tJ- V b disoa««. A, CharlM Omw). C'uro. il 

Umverfflty; B. Melville Thurstoa Cook, Insular Experiment Station, Rio I’inaws. Porto 
’’^3“^. P“8Sar, Missouri Botanicala Gardens; l>, Mwanl Monroe 
^eeman, University of Minnesota; E, John William Hawhberger. Univerrity of Penn- 

rw„^ i of Tennessee; O, Chariea Hli(n.| Gwens, 

Oregon Affncultu^ College; H, William Hotvaid Rankin, New York (Geneva) i'lxneri- 
ment Station; /. Enrin Frink Smith. U. S. Oepartment of Agrioiiitum; rFmnk IMu 

ToxaB A«rieultiira! E*pi*ri- 

/rom i^e tZuM^S Cornell Univoraity. {From i»«ir.ri 
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author uiuler the name of Diseases of Greenhouse Crops and Their 
(britroi’’ (1919); and ^^Manual of Vegetable-Garden Diseases/' by 

CIiiipp (1925). 

Several general bulletins issued by State Experiment Stations are 
worthy of special mention: Brief Handbook of the Diseases of 

Cultivated Plants in Ohio/' by Selby, first published as Bui. 121 (1901), 
and revised as BuL 214 (1910); California Plant Diseases," by R. E. 
and Elizabeth Smith (Cal. Bui. 218 , 1911); and ^^The Parasitic Fungi of 
New Jersey/' by Carl A. Schwarze (N. J. Bui 313 , 1917). 

Landmarks of Plant Pathology. — A few of the outstanding discove r s 
or events which have marked the progress of modern plant pathol^® 
may now be outlined. /W 

1. Proof of the parasitism of fungi as presented in the researches of the 
German botanist, Anton de Bary, on the rust and smut diseases (1853). 

2. Proof of the heteroecism of the rusts as illustrated by the relation, 
of the SBcidium on the barberry to the red- and black-rust stages of ,the 
stem rust on wheat. This was another of de Bary's important contribu- 
tions to mycological and pathological science published in 1864. 

3. The perfection by Robert Koch (1881) of the plate method of 

isolating bacteria and fungi as a substitute for the cumbersome and 
rather unsatisfactory ^‘fractional" method^f Klebs and the “dilution 
method " of Lister. Koch substituted a gdktin medium which was solidi- 
fied on glass plates. Agar was ^cK^ :,idded and Petri dishes were sub- 
stituted for glass plates “plate cultures" was retained. 

This improvement in isoHi%^'? technique made possible more rapid 
prugresvS in tlie study of life, hi^dries of many fungi and greatl^^ facilitated 
t he demonstrations pathogenicity of both bacteria and fungi. 

4. The proof of the’rolation of bacteria to the fire blight of the apple 
and pear. Tfiis ils'tb be credited to Thomas Burrill, Professor of Botany 
in the I'niversity of Illinois (1879-1881). It is significant that at this 
time botanists in other parts of the world were also directing their efforts 

tiu* study of bacteria in connection with plant diseases, as shown by 
tlie work of Prillieux in France on the rose-red disease of wheat (1879), 
W’akker in Holland on the yellow disease of hyacinths (1883-1889) and 
( ’omes in Italy on baeterioses of several hosts (1880). America is proud 
of this notable contribution of Dr, J.iirrill that established beyond contra- 
diction tlK‘ fact that a definite species of bacterium, Bacillus amylovorous, 
waa ttie causal agent of fire blight. 

5. The discovery, by Millardet in France, of the effectiveness of 
coppn* and lime as an agent in the control of downy mildew of the grape 
and the introduetton of our well-known Bordeaux throughout the vine- 
yards of France (1882“1885). . The use of this fungicide in America for 
the control of kte Might of potato and the scab of apple soon followed, 
md it rapidly e&me into very general nm as the panacea for various plant 
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ills. The Bordeaux period held sway until the discovery of lime sulpluir. 
which proved more satisfactory than Bordeaux for many crops. 

6. The discovery, by Jensen of Denmark, of the effectivene.^s of the 
hot-water treatment of cereals in the control of their smut diseases (18871. 

7. The introduction of formaldehyde as a disinfectant. .Vlthougli 
discovered by Hoffman, a German chemist, in 186/, it was not used as a 
disinfectant until 1888 (Trillat), and Bolley of North Dakota linst demon- 
strated its practical application as a fungicide in the control of seeii-borm,! 
diseases (1897). 

8. The revival of the use of lime sulphur as a combined in.secticit!e and 

» ;icide by the demonstration of its effectiveness as a summer .‘<pray in 
control of apple scab. This is to be credited to t’ordlcy, of ( >regon, 
and Piper, of Washington (1906-1908), and their discovery was S(k»i 
taken up by the pathologists of the eastern United State.s. Lime .sulphur 
and lead arsenate rapidly replaced Bordeaux and Ptuis green as the 
standard apple spray. 

9. The demonstration of the cause and nature of crown gall lyy Dr. 
Erwin F. Smith and C. 0. Townsend, of the U. S. Department of Agricul- 
ture (1907). The proof that the crown gall of cultivated fruit trees and 
other plants was due to a specific bacterial organism, PtteudonKiittiK 
tumefaciens, was the second great event in the history of bacterial di.sea.ses 
to be credited to America. This discovery left the myxomycete, Tkmlni- 
phagus globosus, in its supposed relation to crown gall as one of the wrecks 
that mark the pathway of scientific progress. 

10. The organization of the American Phytopathologieai Society at 
the Baltimore meeting of the American Association for the .\tiviineemcnt 
of Science in 1909. This Society and the journal, Phytoimthnhujii, whicij 
was started in 1911 as the official organ of the society, have iieen pot/uit 
factors in stimulating and directing the trend of plant pathuh»gical wm k 
in this country. 

11. The passage of the Simmons Bill by the Sixty-secomi ( 'origres.s, !>y 
which the National Plant Quarantine Act became a law (1912). 'riif 
enactment of this measure and the creation of a Federal Horticultural 
Board to administer the act, constituted the first legalized, national effort 
aimed to exclude foreign insect pests and plant disea.scs from this 
country. Under this law numerous quarantines, both dome.stic and 
foreign, have been established, 

12. Proof of the effectiveness of dusting with finely powdere/l fmigi- 
cides and insecticides as a substitute for spraying. Finely ground .sulphur 
and powdered lead arsenate were u^d with success by various pathoh*- 
gists at Cernell University (1913-1917) and more recently copfxtr dusts 
have been successfully employed. By the recognition of the fact flint 
fineness of a dust fungicide is a measure of its efficiency and by the t»r- 
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feetion of improved dusting machinery, dusting as a method of disease 
|)revention has become an accepted practice for certain crops and diseases, 

13. The recent rapid increase in our knowledge of the so-called virus 
cliseases of plants, including mosaics, leaf-rolls and peach-yellows types. 
I^'rom first proof of the mosaic of tobacco as an infectious disease (1888), 
our knowledge of this group of diseases made slow progress until the last 
few years, during which numerous new troubles of various crop plants 
have been recognized and increased importance has been attached to the 
role of insects in the transmission of the virus or active principle. If the 
present activities in this field of plant pathology continue, future histo- 
rians may well designate the present time as the momic period, 

14. Three epiphytotics of recent times have had a pronounced influ- 
ence upon the interest of the general public in plant-disease problems, 
and have also been a stimulus to phytopathologists. Large sums of 
money have been appropriated for investigating these diseases and for 
carrying out eradication or control measures. These diseases are as 
follows: (1) the chestnut tree blight ^ the most virulent and devastating 
disease of a forest tree that has ever been recorded (1906 to present), 
which threatens to exterminate our American chestnut from its native 
haunts; (2) the blister nist of the white pine, a heteroecious rust, which 
losses part of its life cycle on currants or gooseberries, and is capable of 
spreading from these hosts to the white or other five-needle pines — it has 
already spread to an alarming degree in the northeastern United States 

since 1915), and has more recently appeared (since 1921) in 
British Columbia and Washington; (3) citrus canker^ a bacterial disease, 
which after its introduction, about 1909-1910, spread from Texas to the 
otlier Calf states, and by 1914 was epiphytotic in portions of the citrus 
ilistriets of the South. All of these diseases were undesirable immigrants 
from foreign countries: chestnut blight from China, blister rust from 
liUropc and citrus canker from Japan. The devastation from these 
diseases is the cause of alarm, and they have served to emphasize the 
constant danger from the introduction of foreign parasites. 

15. The production of immune or resistant varieties of plants by 
bre<Mling and selection is the most modern phase of plant-disease control. 
The primary stimulus came from the work of Orton in breeding strains 
of (*olton, {‘owpeas and melons resistant to Fusarium wilt (1899-1909). 
With f lu* increased emphasis on breeding in relation to agriculture, plant 
l)rc‘eders mv becoming pathologists and pathologists are becoming plant 
brecH'iers. 

UL The campaign for the eradication of the barberry as a means of 
preventing tlu' e|>ip!iiytotics of stem rust of wheat has been actively pros- 
ecnitcil Him‘e 1917 by the Federal Department in cooperation with the 
variotiH staters of tlie northern Mississippi Valley. This was firstmade 
pm^ible by the gc?iicroiis appropriations to the U. S. Department of 
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Agricultui’G for the incrGasG of food production rs h pioniinont wm iiions- 

ure, and this financial support has been continued, largely because of 
reported success of similar measures in Denmark. 

17. The introduction of the copper carbonate dust treatment of 
for bunt or stinking smut is a recent practice that is being witiely adoptfal 
in the Pacific Coast sections and is being tested experimentally in eym-y 
wheat-growing state in this country, as well as in foreign lamis. 11 
treatment was originated by Darnell-Smith in Australia in 191 o, hut morf^ 
extensive experiments have been carried out in California, \\ asliingtnn 
(1921 to present) and other northwestern states. Several seed-dusting 
machines have been developed on a commercial scal<‘ in \\’as!iington and 
California, and as a result the dust treatment is more extensively used <U5 
the Pacific Coast than in the land of its origin. 


The More Important Textbooks and Mantials Relating to Plant Diseases 

English 

Smith, W. G.: Diseases of Field and Garden Crops. The Maeinillan 
London. 1884. 

Ward, H. Marshall: Timber and Some of Its Diseases. The Mataihllaii i 
New York. 1889. 

Lampson-Scribner, F.: Fungus Diseases of the Grape and Gtber Plants and Hear 
Treatment. J, T. Lorett Company, Little Silver, X, J. IMHI. 

Hartig, R.: Textbook of the Diseases of Trees. 'Translated by \\\ The 

Macmillan Company, London. 1894. 

Weed, C. M.: Fungi and Fungicides. Orange Judd Company, Xt'w York. 
Tubeuf, K. F., von and Smith, W. C.: Diseases of Plants IiiducHni l'*y Crypioguiiii** 
Parasites. Longmans, Green & Company, New York. 1897. 

Ward, H. Marshall: Disease in Plants. The Ylaemillan C\)mpa.n>\ UHU. 
Pammbl, L. H..: Fungous Diseases of Grasses. In Grasses of ititmitini, Survuf, 
Bui I, pp. 185-202, Des Moines. 1901 

McAliune, D.: Fungous Diseases of Stone Fruits in Australia,. I>i*f«irlii!eni of 
Agriculture, Melbounie. 1902. 

Freeman, E. M.: Minnesota Plant Diseases. Ikiard of Hegeuls. riiiver^if}' of 
Minnesota, MinneapoEs, Minn. 1905. 

Smith, E. F-: Bacteria in Relation to Plant Disease, 1-S, Caraegie liisiiuite, \\ iLshirii^-. 

ton, D. C., 1, 1905; 2, 1911; 3, 1914. 

Cooke, M. C.: Fungoid, Pests of Cultivated Fliiiita. Reprinted from Jmir, Mnii, 
Hort. Soc., Spottiswoode & Co., London. 1906. 

McAlhnb, D.: The Rusts of Australia, Department of Agrieiilliire, 

1906. 

Lodeman, E. G.: The Spraying of Plants, The Macmillan Coiiipniiy. 1909, 
Dugoar, B. M.: Fungous Diseases of Plante. Ginn and €'^on'i|>imy, Ikwioiu PJlil. 
Bancroft, K.: A Handbook of the Fungus Diseases of West Imiiati Pliiiite, C*w»rg*‘ 

Pulman k Sons, London. 1910. 

McAiauNE, D.: The Smuts of Australia, Department of Agrieiiiliire, 

1910. - ■ ■ v 

Selbv, ^A. D,: a Brief Handbook • of the Diseases of Cultivated Fktite in Glilm. 
Ohio Agr. Mxp. Bid,' 1910^' \ 
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Snuto, H. E,, and K 11,: C^alifornia Plant Disejises. Ccd, Agr. Exp, Sia. B%iL 218. 
PJIl. 

Eiuksson, J,: i^’ujigoid Diseases of Agricultural Plants. Translated by Anna. 

IMolander. Bailliere, Tindall & Cox, London. 1912. 

HuUEC.uiT, E.: Insecticides, Fungicides and Weedkillers. Translated from the 
French ]>y I>onaid Grant. Scott, Greenwood & Son, London, 1913. 

Cook, M. T.: I>isea»ses of Tropical Plants. The Macmillan Companv, London. 
IMS. 

Kti'STiSE, Eenst: Pathological Plant Anatomy, . Translated German edition. 

by Frances Dorrance. 1903. Mimeographed, Aiithorjp^^&ceton, Pa. 1913. 
Okegon JSiets’nial Crop Pest ajs^d Horticultubai. R^rt. 1911-1912, 1913, 
1913-1914, 1915, 1915-1920, 1921. Oregon Agricultural College and Experiment 
Station, Corvallis, Ore. 

Stevens, F. L. : The l^ngi Which Cause Plant Diseases. The Macmillan Company, 
New York. 1913. 

Milburn, T., and Bessey, E. A.: Fungoid Diseases of Farm and Garden Crops. 
London and New York. 1915. 

^Iabsee, George: Diseases of Cultivated Plants and Trees. The Macmillan 
Company, New York. 1915. First Edition 1910. Replaces a Textbook of 
Plant Diseases, published in 1907. 

Weiss, F. E., Imms, A. D., and Robinson, WYlfrid: Plants in Health and Disease. 
University Press, Manchester. 1916, 

liARSHBERGER, J. W.’. A Textbook of Mycology and Plant Pathology. P. Blakiston’s 
S<}n & Co., Philadelphia. 1917. 

Heslee, L. R., and Whetzel, H. H. : A Manual of Fruit Diseases. The Macmillan 
Company. 1917. 

Hchwarze, C. A.: Parasitic Fungi of New Jersey. N, J. Agr, Exp. Sta, Bui 313. 

1917 . ■ 

Taubenhax'S, j. J.: The Culture and Diseases of the Sweet Pea, E. P. Dutton & 
Company, New York. 1917. 

Bi:TLEit, E. J.: I\ingi and Disease in Plants. Thacker, Spink & Company. Calcutta 
and Simla. 1918. 

Bf-ald. F. D, : Principles of Plant Injury and Its Control, Chap. 32 ; Plant Diseases and 
Ius(‘ct Enemies, Chap. 33; and Farm Measures for Plant Protection, Chap. 34. 
Farm Knowledge, 2. Doiibleday, Page & Company, Garden City, N. Y. 1918. 
Haxki.n, W. 11.: Manual of Tree Diseases. The Macmillan Company, New York. 

1918. 

I’AmENUAUs, J. J.: Diseases of Truck Crops and Their Control. E. P. Dutton & 
Company, New York. 1918. 

Whktzff, H. H.: An Outline of the History of Plant Pathology. W. B. Saunders 
Company, Philadelphia. 1918. 

I’ArnFXffArs, .1. J.: Diseases of Greenhouse Crops and Their Control. E. P. Dutton 
A" C’omiHmy, New York. 1919. 

Fujcyfe. ,b: insect Pests and Fungous Diseases of Fruit and Hops. Cambridge 
OnivcTsity Press, I/nidon. 1920. 

Smith, IC F.: Bacteria! Diseases of Plants. W. B. Saunders Company, Philadelphia, 

Fiu 1920 . 

Stevexh, i", li,, AND Hall, J, G.: Diseases of Economic Plants. The Macmillan 
Vmnimny, New York. 1921. First Edition, 1910. 

CYiittendek, F. j.: The Garden Doctor, Plants in Health and Disease. Office of 

Cmmlrg Lifiy Umikm. 1920, 

Palmke, E., AND Webtell, W, P.; Feats of the Garden and Orchard, Farm and 
Forest. Henr? J, Drane, London* 1922* . ’v , ■ 
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SORAXJER, Lindau AND Reh.: Manual of Plant Diseases, i. Nuit-Parasitie 

by Soraiier. Translated by Frances Dorrance from tlie thini Genuan I RiUoi} r,r 
1908. Published by the translator, Dorrancct on, Pa. 1922. 

Anderson, 0. G., and Roth, F. C.i Insecticides tiiul l'uiiji,icuie>i, S|ua\iim and 
Dusting Equipment. John Wiley & Sons, Inc., New ^'ork. 192;]. 

Bewley, W. F.: Diseases of Greenhouse Plants. Ernest Benii, Londtai. 192;;. 
CocKEi^HAM, K. L.: A Manual for Spraying. The Macmillan Company, New 
1923. . 

Freyer, P. J.:^.^^^sful Spraying and How to Achieve It. Knu'st Uvniu Ltd.. 
London. , 

Fetch, T.: The Disea.^ of the Tea Bush. The Macmillan Ctmipany. London. 
1923. 

Petherbridge, F. R.: Fungoid and Insect Pests of the* Farm. LniviT-iiy Iha-v. 
Cambridge. 1923. First Edition, 1916. 

Roebuck, A.: Insect Pests and Fungous Diseases of Farm rrop.s. Bern? Brn>.. lad., 
London. 1923. 

Taubenhaus, J. J.: Culture and Diseases of the Sweet IGtato. L. P. A’ 

Company, New York. 1923. 

.\ND Mally, F. W.: The Culture and Diseases of tin* Union. K. V. Dili inn, A 

Company New York. 1923. 

Bennett, F. T.: Outlines of Fungi and Plant Diseases. The Macmillan Cnfn- 
pany, London. 1924. 

McCubbin, W. a,: Fungi and Human Affairs. The W'orld Book Compand". Xeu 
York, 1924. 

Nowell, William: Diseases of Crop Plants in the Le.sser Aiuilles. Itijperial Deparr- 
ment of Agriculture, The West India Committee. l.ondon. 1921. 

Owens, C. E. : Principles of Plant Pathology. Parts I and IL Mimeographed. 
Edwards Bros., Ann Arbor, Mich. 1924. 

Chupp, Charles: Manual of Vegetable-Garden Disease.s. I'he .Macmillan tVmn 
pany, New York. 1925. 

Stevens, F. L.: Plant Disease Fungi. The Xlaeinillaii Umipuny, New Vtirk. 

■■ 1925 .:' 2 : ■ ■ 

Whetzel, H. H., Hbsler, L. E., Gregory, C. T., and liAXKLNd W. II.: L:diuraf«try 
Outlines in Plant Pathology. W. B. Saunders Company, lid lade! pi da. 992*1 

First Edition, 1916, 

\ ■ - German 

Books issued previbus to the three-vohime “work of Frank are not listi’d. Ffir 
these early works see Whetzel, H. H.: An Outline of the History of Ihuliulngy, 
or Sorauer’s Handbuch, 1. 

Frank, A. B.: Krankheiten der Pfianzen. L Die diircdi ariorguidsdic KiiitliisM* 
hervorgerufenen Krankheiten, 1894; 2. Die diircli pfiariislicdie Feiiide liervor* 
gerufenen Krankheiten, 1895; 3. Die dureh tierlsche Feintie ht»rvnrg^‘rtif«’!icii 
Krankheiten. 1896. First Edition, 18^. Eduard 'frewemlt, ilri'shni, 

Tubbue, K. F., von: Pflanzenkrankheiten dureh Kryptogame Farasilmt vcnirsarlit. 

Julius Springer, Berlin. 1895. (See English tniiislatioii.) 

Frank, A. B.: Kampfbuch gegen die Schadllnge unserer Feldfruclite fiir prakiisidjc 
Landwirte bearbeitet. Paul Parey, Berlin. 1897. 

Kirchnbr, O. und Boltshausbe: Atlas der Krankheiten uiid ltocli!kiigiiiig«i 
unserer landwirtschaftlichen Kulturpfianzeh. 

1. Serie: Getreidearten. 1897. 

II Serie: Hilsenfruchte, Futtergrfiser und Futterkriluter, ISii7, 
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IV. Serie: Gemtlsepfianzen iind Kuchenpflanzen. 1901. 

V. 8erie: Obstbaiiine. 1899. 

VI. Serie: Weinstock imd Becrenobst. 1902. 

Veiiag VOB Eiigen Ulnier, Stuttgart. 
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Krueger, Fr. und Rorig, G. : Krankheiten und BeschMigungen der Nutz-und 
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UiEHM, E.: Die wichtigsten pfianzlichen und tierischen SchMlinge der landwirt- 
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Klerahn, H.: Grundzuge der allgemeinen Phytopathologie. Gebriider Borntraeger, 
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bung. Paul Parey, Berlin. 1920. 

Penzux, O. Pfknzen-teratologie, Bd, 1-3. 2 Auf., Gebrxider Born trager, Berlin. 
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SnuAi'Ein P. : Ilandliuch der Pflanzenkrankheiten. Paul Parey, Berlin. 
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\ nh 1 I'tf 'rhird Edition, Non-parasitic Diseases, Translated into English by 
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SYMPTOMS OF DISEASE IN PLANTS 


It is highly important that aU persons engaged in general farming, 
truck gardening, fruit raising, floriculture or forestry should be able to 
recognise the presence of disease in plants. jEyery plant in its particular 
way shows when it is suffering from disease. Crop producers should not 
only know how plants live and grow but should be familiar with those 
outward signs or symptoms which exist when plants are sick. The study 
of symptoms is the first step in making a diagnosis or the determination 
of the nature or identity of a trouble. A correct determination can be 
made in many cases by the observation of symptoms alone, but in others 
it is necessary to study environmental factpi^s or to dissect diseased plants 
or portions of plants in the search for a ]p|ithogene. 

Ill the nature of the resulting sympt^fes there are no sharp and fast 
lines that can be drawn between pari^lic and non-parasitic diseases, or 
between various ‘Tnsect” troubles a^those due to bacteria, slime molds 
or fungi. The first tiling of import^pe is to detect the presence of disease 
and then to endeavor to find out i]|^’cause, nature and probable outcome, 
and the treatment or prevent! v4^'practices which should be employed. 
The great diversity of sympt^s, the numerous non-parasitic disturb- 
aiices ami the niiiltitude of paSiogenes so complicate diagnosis that the 
grower must frequently seek the services of the trained plant doctor. 

Summary of Symptoms. — The following outline of symptoms will be 
of servi(»e to the practical grower and also to the plant-disease specialist: 


> 1. ioii or cliaiigo of color from the normal; 

d. 

a. gre<‘n. 

b. Yellow: 

Ktiohitiou. 

C Chlorosis. 
r.. Silvering. 

Wliiie- — allnnisin, 

C h lo red spo ora reas : 

«. General tliffenaice }>etween parasitic and iion-parasitic„ troubles; exceptions. 
k Cobrs: Whitisli or gray; red or purple; bro\Yn; black; variegated and 

■ ; conceiitrieiilly ssonate. , 

'' >; . 0; Auluinaiil colorations or spring colorations. ■ - , ■ 

;SI»t kite: Perforations of leaves: •' , - 


.;‘;4i;r;Physiblogfcfil; Toxic substances; frost; drought; etc. 


m bacterial origin. 
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‘Wilt” diseases; Ihroinhesis ot wtuMiy pL-nus 


6 . 


7. 


8 . 


Juvenile conditioa: “ Damping-off ” of seedlings. 

B, Adult plants: 

Physiological wilting with recovery. 

Wilting without recovery: “Wilt” d is 
Necrosis: Death of parts . - ir i 

A. Organs: Leaves, stems, flowers, fruits— bligld. ^ 

B. Localized areas of tissue: Internal necrosis, j., 

brown spot, net necrosis and blackheart ol po a t . 

5. Dwarfing or atrophy— reduction m size: 

A. Entire individual: Non-parasitic; parasitic. 

B P'lrts or organs: Leaves, fruits, etc. _ « . , r, - 

Hypertrophy or increase in size of parts: Hoots, .stems, eaves, owus. 

Increase in size of cells. ^ 

B Abnormal multiplication of cells or increase m numhu- Ah puj L . ... 
Transformation of organs or replacement of organs l.y lum stun lui. 

A. Replacement: By sclerotium, as in ergot ot grasses ^ ^ Pin-Uodv 

B Transformations of floral organs: letals to folmgt I;''*-"’ ■ ■ ■ , 

Mummification: Transformation of fruits mto shriveled struetuu^. .dUd 
mummies, which process is initiated by rotting, tollowed l..v reM^tanee t,. . u,i. . 
Mummies contain either dormant mycelium or overwintering o-uii.- o. i.iuM. 

9. Alteration in habit and symmetrj’ : 

A. Change of position from prostrate to erect or ascending. 

B. Change from rosette to cauline type. 

C. Change of simple leaves to lobed leaves. 

D. Reduction or increase in branching. 

E. Change in form of inflorescence. 

F. Change in symmetry of flowci-s. i , 

10. Destruction of organs: e.g., flowers or flower parts; .seeds; .seeiis and pits n 

. “bladder plums”; fruit (carjmpsis) in cereals; inli»r<'.scem-e, a> m smut.s .,1 
cereals. 

11, Dropping of leaves, blossoms, fruits or twigs. 

* 12. Production of excrescences and malformations: 

A. Abnormal trichome growth— Erincum. .... 

B. Intumescences on leaves and stem blisters or swtdliiigs nivoh'iiig groups i>i 

cells but without the presence of a parasite. ^ , 

C. Pustules, warts, tubercles, galls or tumors. ParjiHite iiiidiidecL to 

large and fleshy or wwdy; crown gall, etc. * i ? 

D. Cankers: Localissed lesions generally resulting in corrosion of f issue with timl 

production of an open wound, generally on wo(,)ily struct luvs: 
a. Parasitic. 

5. Non-parasitic. 

E. Witches’ brooms. 

F. Hairy root: Simple; broom-root type; woolly-knot type; iminl hmn, 

G. Production of rosettes: Woody plmW, herfoafTOUS plants. 

iJ. Development of dormant or rudimentaiy stme tiires or of new orgaiw. 

I. Prolification. 

J. Rolling, curling or ‘^tinkling of leaves, 

K. Fasciation and spiralism. 

L. Roughening of surfaces:- I^eal or extended. 

M. Deforming of fruits. ‘ ' 

, 13. Exudations. Guttation and bleeding contrasted with foraiatbii of exiiclatw: 
ii,, ^.Bacterial, exudates a.g'., fire blight. 
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B. Slime flux: Deciduous trees; exudate semifluid, does not set into solid masses. 

C. Gummosis: Product of decomposition of tissues; sets into solid masses, clear 

or amber colored. Common in citros and stone fruits. Parasitic and non- 

. . parasitic.''' '' 

I). Eesiiiosis: Abnormal production of resin or pitch from coniferous tree^ 

La, texosis : Exudation of milky juice or latex. 

14. Rotting: ^ ' 

A. Dry rot and soft rot, the “gangrene of plant tissue. Eleshy structures more 
generally show soft rot; woody structures, dry rot: 

a. Root rots: Fleshy or woody roots, e.gr., alfalfa, cotton; root crops—beets, 
carrots, etc.; woody roots— apple, cherry, etc., and shade or forest trees. 

5. Stem rots: Herbaceous stems— carnation, aster, potato; modified stems — 
tubers, rhizomes, bulbs or corms (storage organs); woody stems— dry 
rots, as sap rot or heart rot, 

c. Bud rots; e.g., carnation and coconut bud rots, cabbage black rot. 

d Fruit rot: Fleshy fruits of many kinds. 

(1) Non-parasitic: Blossom-end rot of tomato, biossom-end rot of water- 

melon. 

(2) Parasitic: Many on various hosts. Mostly fungi. Why few bacteria? 

1, Discoloration or Change of Color from the Normal— This deviation 
from the normal may be noted on various plant structures as illustrated 
l)y the pink coloration of the roots in pink root of the onion, or by the 
red«spotted fruits characteristic of peach yellows, but the discolorations 
are very frequent and striking on parts which are normally green, such as 
heii)aceoiis stems and foliage leaves. Plants, like people, frequently 
look pale wlien they are sick. Nutritional disturbances preventing the 
constant production of the green pigment, chlorophyll, cause normally 
green structures to become pale green or yellowdsh green or to exhibit 
l>al]or. The normal shade of green for any particular plant may be recog- 
nized and tlie practical eye soon learns to tell when something is wrong. 
The green pigment- may disappear entirely and its place be taken by a 
yellow pigniont. When, this yellowing is brought about b,y lack of light 
c.)r prolonged exposure to daiimess, this condition is spoken of as etiolation, 
and tlie ycdlowed organs may be said to be etiolated. It may be noted in 
this connection that tlie etiolation or blanching of certain garden plants, 
such as asparagus, endives, artichokes, celery, etc., is practiced to secure 
desired flavor or tcuiflerness, and that in certain cases self-blanching varie- 
ties have been secured by selection. Somewhat similar effects may 
result .from the operation of other factors, such as low temperatures, lack 
of iron, excess of lime, excess of alkali, presence of a virus disease like peach 
yellows, mosaic disease or from the disturbances caused by bacterial or 
fungous parasites. In these latter cases it is the^custom to speak of the 
<x>ndition as cM&mm, and the affected structures are said .to be chlorotic, 
Wc speak, then, of iron or lime chlorosis, alkali chlorosis, infectious chloro- 
sis,' etc. ..Chlorosis as a dkeasc symptom should not be confused with 
which the leaves .are part'green and part yellow, or 



Fig. S.' — Powdery mildew {Microsphmra uIhI) of iioiieyiiuckie. 


leaf spotting is but a plmse. There is no certain character wisicli will 
differentiate leaf spots of parasitic or non-parasitic origin, but nuiny 
fungous infections, especially on netted-veined leaves, produce cin-ulaV 
or subcircular areas or lesions which are soon limited in size. A sjad 
comes wherever a spore of a pathogene lodges and is able to <>stablish its 
mycelium; hence parasitic lesions are generally scattertHl irregularly over 
the surface of a leaf, and show no definite arrangement with reference to 
the veins, either large or small. Apple foliage injured by arsenical spray 
conta,ining free arsenic will sometimes show a brown spotting very similar 
to t^at caused by- thb^l&^-rot fungus (Physalospora cydonim). With 
numerous spotting th^^sipOT nmy coalesce to form more extended tlis- 
colored areas. Some parasit|^ that invade the leaf sjM-ead unchecked and 
so produce extended ddad areas or may involve the entire leaf as in the 
late blight of the potato (Pl^ophthora infestam) or in leaf invwioua, bv 


spotted with white and green or white bordered. Plants showing these 
peculiarities have been selected and propagated for their oimamentul 
value. Silvering of the foliage, or the assuming of a dull, iiietaliic luster, 
is not uncommon in plums, apples and other woody plants, aiul is a strik- 
ing symptom of the infectious silver-leaf disease or may result from non- 
parasitic disturbances. Among plants, as among animaLs, there are th(‘ 
albinos, or those entirely devoid of pigment. Such constitutiomd albinos 
must soon succumb, since they have no power to produce carbohydratf- 
food because of their lack of a chlorophyll apparatus. 

Discolorations, instead of being general or diffuse, may show as more 
or less definite or circumscribed discolored spots or areas. In such eas('.< 
the spotting may result from localized disturbances from parasit<'s c»r 
chemical agents or from deep-seated nutritional disorders in which 
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Fiq. 10. — Leaf spot {Marasonina 
ochroleiica) of chestnut, . 


Fio. ih Leaf spot {Gnoynoiiia 

ulnu'a) of elm. 


marginal discolorations may result, as in tip burn of the potato, a phe- 
nomenon of drought, or in poisoning of leaves by fumes of hydrochloric 
acid. ^ 'S 

'I'he discolored spots may be gray o^^h^h, yellow or orange, 
reddish or a shade of purple, brown, black er vi^gated, and either of a 
solid color, concentrically zonate with shades of a single color or with 
different colors on the two surfaces. The whitish coloration may be due 
to the superficial mycelium and spores, as in the powdery mildews of the 
cherry, grape, gooseberry, wheat and other grassei,.:Iitoi 
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certain kinds of non-parasitie disturbances are frequently located between 
the main veins of pinnately veined or palmately veined leaves. We can 
even note that these spots start at the blind ending of the veins in the 
smallest areolae of the leaf, or at points the most distant from the water- 
conducting channels. Drought injury or poisoning from smelter fumes 
may show this type of spotting or, under other conditions, terminal or 
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honeysuckle, rose and many other hosts; to conidial sori, as in the white 
rusts {Albugo s-pp.); to the groups of aerial conidiophores, as in the 
downy mildews of the grape, cucurbits, lettuce and also in ^■al■ious 
diseases caused by hyaline-spored imperfect fungi, as illustrated by 
species of Ramularia and Cercosporella; and finally to changes in the 
host tissue which lift the epidermis and admit air into tiio cells or 
intercellular spaces and so cause a reflection of the light. The centers 
of old leaf spots which were at first brown finally become a dull gray 
in various cases. ■ 


Fig. 11, — Violet leaves affected with leaf spot {AUernaria violw). (PkotograjJi F if 

Heald and F, A, Wolf.) 

m 

Yellow or orange spots may be due either to tissue changes or to the 
color of spore groups or masses. There may be a localized chlorcjsis, a.' 
in the leaf spot of the violet {AltBrnanu pioIob), also in various d(nvii\' 
mildews (e.g., Peronospora trifoUonm on alfalfa) and in many rust.s (c.f/., 
Tmnzschelia punctata on peach), in which the sporulation is confined to 
the under surface. The spore fruits of rusts, especially the aecia! or 
cluster-cup stages, and the paler forms of the so-called “red-nsst” stage 
exhibit varied shades of yellow or orange. 

Red or purple color^on |q spots may also be due to tissue changes or 
to the masses of spore Jleveloped by the pathogene. In the first tyf», 
there is a decomposition of chlorophyll and the formation of red pigment, 
anthocyanin, which is dissolved in the cell sap. Chlorophyll disappears 
entirely or is masked by the presence of the red pigment. This red colora- 
tion is a host peculiarity and is frequently the first response of injured 
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cells. Incipient itofeetions^^^^ the red coloration, first, with 

change to brown later, while the Gccurrence of a red or purple border may 
characterize many more advanced lesions. The color variations are due 
in part to different degrees of acidity or alkality of the cell sap. Some of 
the rusts producing the more highly colored types of spore fruits would 
probably be classed as red (both aecial and red-rust stages), but in such 
cases more or less raised or powdery pustules of spores are evident. 

Brown is the characteristic color of dead tissue, and is the final color 
of the great majority of leaf spots, although some finally become grayish 
with age. Many rust lesions will show brown powdery pustules, repre- 
senting either darker red-rust stages or paler black-rust sori. Superficial 
fungi with dark mycelium (sooty molds) or various dark-spored, imperfect 
fungi may also cause the brown coloration due to the accumulation of 
mycelium or conidiophores or both (Cladospprhm fulmin on tomato; 
Venturia mcequalis on apple). 

The black coloration is well illustrated in the so-called tar spots 
(Rhytisnia spp,) of the maple, willow and oak, the black spot (Phyllachora 
spp,) of grasses and other hosts, the black spot (Diplocarpon rosce) oiiOBes 
and especially in some covered and naked forms of black-rust sori (Pw- 
dnia <ipp. on cereals). In all of these examples the coloration is due to 
fungous tissue or to spores, but in a few cases the black spotting may be 
due to changes in the host tissue. This is well illustrated in the pear, in 
wliich injured leaf tissue frequently assumes a very dark or almost black 
color (FabrcBa mamlata)^ or in the blackspot {Bacterium pruni) of plum 
fruits. 

Leaf spots may show concentric bands of different shades of brown, 
as ,in the so-called target-board spots characteristic of early blight 
(AUernaria solani) of the potato or in the frog-eye spots {SphoBropsis 
malorum) of apple leaves. Concentric zones of different colors are a 
riotieeable feature in the leaf spot {MycosphmrMla fragarim) of the straw- 
berry, in wiiich well-matured lesions are white or grayish in the center, 
surrouiuled by a brown zone bordered by purple and red shading out 
into the surrounding healthy tissue. Black and gray or brown concentric 
zones alternate in the anthracnose {Colletotrichum) of some squashes. 
Many leaf spots of hosts in which the red pigment is not commonly 
developed show a halo of yellow surrounding the brown, dead tissue. 
Some leaf spots show entirely different colors on the two surfaces, as is 
well illustrated in fruiting lesions of grape downy mildew which are yellow 
above and white below, or in alfalfa downy mildew with yellow upper 
surfaces and grayish or faintly ..purple under sm^ces. 

The autumnal colorations of foliage may be briefly mentioned at this 
point. Chlorophyll is decomposed by the sunlight, and sometimes yellow 
and red colors of many and varied shades are formed, before the final 
assurxiption of the somber brown characteristic of dead leaf tissue. The 
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low temperatures which prevail check the normal life processes and 
prevent the reformation of chlorophyll.- In a veiy similar way the low 
temperatures of early spring are responsible for yellow or red coloration 
of young leaves. 



Fig, 12. — Tar spots (Rhytisma of maxiie aud willow. 


2. Shot Hole or Perforation of Leaves,— The formation of localized 
‘'lesions on the leaves is frequently followed by the falling out of the dca<i 
ordiseased tissue, leaving circular or slightly irregular perforations, which 
have suggested the descriptive term “shot hole.” Certain troul)le,s hiivf' 
been called shot-hole” diseases because of the peculiar effect upon the 
foliap. The occurrence of shot hole is not a diagnostic feature of certain 
species of fungi, but is more properly to be viewed as a host pectiliarity. 
Some varieties are lb shot hole whenever localized areas of leaf 
tissue are killed, whether this death of tissue results from the preaent* of 
paraatic bShteria or fungi or from the operation of non-parasitic factors, 
such as. toxic chemical^ents, drought or frost. Among our stone fnute 
the tendency to the sWt-hole symptom is very marked, as in bacteria! 
black spot (Baderium pruni)-, tite-leaf spots or blights (Cocmmyces spp.}, 
of ohereies and plums and the California blight (Coryneum beijemtekii) 
of apricots, peaches and cherries. Localized action of strong blue- 
stone solution, free arseniq %, other chemicals on peach leaves will 
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cause more or less perforation. The behavior of the leaves of pome fruits 
— apple, pear and quince, in which perforation is rare- — is in marked con- 
trast to the behavior in the stone fruits. Sometimes extreme eases of 
shot hole may resemble insect work so closely as to be confusing (Cerco- 
spora and Phyllosticta spots of the Virginia creeper). Sometimes the 
leaves fall before the perforations are complete, ivhile in other cases 
severely affected leaves will remain hanging until the shot holing has run 
its course. 

3. Wilting. — Two types of wilting may be recognissed: the sudden 
wilting of seedlings, or ^'damping-off and ,the wilting of growing or 
adult plants. The damping-off of seedlings is most frequent and severe 
in crops grown under glass, also in garden crops, or in seedling trees in thi' 



Fig. 15.— “Damping-off” or “sore shin’' of cotton due iu iUaxurautsa. 

nursery , but is less injurious in most field crops. In these eases the young 
plant droops over and lies prostrate on the ground or ** drops dead/' as 
it were, for a parasite, generally a fungus, has entered the stem at ft bout 
the ground level and has struck a vital blow, interrupting essentia! physio- 
logical functions. The rigid stem becomes flaccid and the flow of water 
from root td seed leaves islhterrupted. Recovery is impossible, for the 
tissues have been killed at about the ground level by the parasit<> \vhi<di 
has entered the young^to from the soil Various sqiMnhabitiiig fiirigi 
may cause damping-of, the most prominent being" Rkizmtmiia spp., 
Pythvum debaryanum, Thielmia btmmla, Sclerotinm spp, ami Rd 4 a^otmm 
r spp. Damping-off by killing numerous seedlings in siigar-teet fields iV 
^ _ ^frequently the explanation for poor stands. A damping-off dkeme of 
cotton seedlings is prevalent throughout the South and m known to the 
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planters as “sore shin.” The rotting of herbaceous cuttings at the 
ground line in greenhouse benches is generally due to some of the damping- 
off fungi. 

The normal or physiological wilting of growing plants, followed by 
recovery, should not be confused with the wilting of disease. During 


Fiu. 10 . — Af interna,! brown spot of potato; B, bundle browning of potato. 


periods of bright sunshine in the heat of the day, succulent shoots droop, 
and leaves may become limp or roll up, due to excess of water evaporation 
over root absorption, but when lowered temperallires and darkness check 
evaporation the flaccid parts again become turgid and growth continues. 
In certain cases the leaves of plants wilt rather suddenly, sometimes with 
slight premonitory symptoms, and recovery does not follow. Notable 
cases are the so-called “wilt diseases” of herbaceous plants or thethrom- 
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boses of woody plants, in which the water-conducting vessels of the hosts 
are plugged up with either bacteria or fungous mycelium, so that the 
transpii’ation current is completely interrupted. The wilt 
tracheiphilus) of cucurbits, the wilt (B. solanacearum) of SolanaceiB or 
species of the nightshade family, the Fusarium wilts of various hosts and 
the thrombosis (Verticillium) of the maple are typical illustrations. 

4. Necrosis or Death of Parts, — In some diseases the death of spi'ciai 
parts or organs of the plant, as leaves, stems or twigs, buds, flowers or 
fruits, is the first symptom of disease that is noted, although in many 
cases wilting is an antecedent phenomenon. The affected structure.^ 
generally assume the characteristic dark or brown colorations of demi 
tissue and the accompanying disease is frequentlj' characterized tis a 
blight. This is well illustrated in the fire blight of the apple and pear, in 


Fia. 17. — Spindling and normal sprouts of potato. {Photograph bp B. F. Dana.) 


which leaf blight, body blight, twig blight, blossom blight and fruit blight 
are but phases of a single disease. Necrosis may be localized in certain 
organs or it may be more general and result in the death of the ent in- 
plant (e.g., severe attacks of late blight Pkytophthora infeHtam), of potato. 

Localized areas or groups of cells in certain organs may die, with the 
result that small or extensive masses of brown, frequently collapsetl, ceils 
may be found in otherwise normal structures. Internal necroses are well 
illustrated in the bitter pit or Baldwin spot of the apples, iiud in tlie 
internal brown spot, net necrosis and blaekheajrt of the potato, all of 
which are non-parasitic troubles. 

..t 6. Dwarfing or Atrophy.—Eiflier the entire individual or special 
organs may be reduced in size as a rwult of unfavorable factors, either 
environmental or parasMc. Early attacks of parasites which are general 
upon the foMage, like mildews, rusts and other fungi, diseases which are 
systemic, like some of the seed-boime smuts {TiUetia, tritid) or the curly 
dwa^.pf the potato, may cause the sheeted plants to remain stunted, or a 
Ip^zed^disewe I%e crown tumefaciem) of the appje 
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may cause a permanent retardation of growth. Leaves may be atrophied 
or reduced in size as the result of localized parasites (some rusts), in 
witches' brooms, in trees suffering from mushroom root rot {Armillaria 
mellea), crown or collar rot, lowered vitality due to winter injury or from 
various other nutritive disturbances. Reduction in size sometimes 
suggests the common name of a trouble, as in the little-leaf disease of 
the apple. Tubers may be reduced in size in the Rhizoctonia disease and 
in the various degeneration or virus diseases of the potato, and there may 
be similar results in any root crop. The small size of the fruits is such a 
characteristic feature that it has suggested the name ^Tittle peach" 
which is applied to a serious contagious disease of that fruit tree, while 
severely rusted cereals produce shriveled and shrunken grain. It is only 
necessary to compare normal and diseased plants to note numerous but 
less strildng examples of reduction in size. 



Fig. is. — JS cial or cluster-cup stage of ash rust {Puccinia fraxmata) * 


6. Increase in Size or Hypertrophy. — Practically all plant organs may 
be stimulated by the fiction of parasites so that they are increased in size. 
The result may be shown either: first, by the increase in the size of the 
component cells; or,, second, by increased cell division resulting in the 
abnormal multiplication of cells (hyperplasia). *In some cases increase 
both m size and in number of cells may occur. (See also item 12 B and 
C.) Hypertrophied roots are well illustrated in various mycorhizas, in 
the club root, or finger-and-toe disease {Phsmodiophora brassicce) of the 
cabbage and other crucifers, and in the root knot or eelworju disease 
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(Caconemal heterodera mdicicola) of numerous hosts; liypertropliied stems 
the in white rust (Albugo Candida) of crucifers, stem invasions of the 1 ae- 
cinium rust colwnnaris) and in some Exobasidiiim diseases oi: 

certain species of the heath family; hypertrophied leavesin the weil-known 
leaf curl (Taphrina deformans) of the peach, in the rose bloom (Lxobasidiuoi 
vaccinii) of the cranberry, in which the pink enlarged leaves are grouped 
to resemble a flower, in various rusts and in many other fungi ; hyper- 
trophied flow'ers or flower parts, as in the wdiite rust (Albugo Candida) 
of radish, in infections caused by various Exoascales or leaf-curl fungi ; and 
in certain species of Exobasidiales; and hypertrophied fruits, as illus- 
trated by plum pockets or bladder plums (Taphrina pruni) and the Ic^ai- 
curl fungus (T, farloivii) of the chokecherrjn 

7. The Transformation of Organs or the Replacement of Organs by 
New Structures. — In the ergot of ryef and other grasses (('laviccps i 
certain of the ovaries are destroyed by the action of the parasite, and, in 
the place of the seeds, horny, elongated, dark-purple, spur-like bodies, 
the sclerotia or ^^ergots,^^ appear. These are resting structures eornposcHl 
of a dense aggregate of fungous tissue, and serve the purpose of ea.rrying 
the parasite over the winter period. In normal flowers the sepals, petals, 
stamens and pistil occupy definite positions, but under abnormal condi- 
tions one kind of floral organ may be transformed into another kind or 
into ordinary leaves. Stamens may become leafy in the green-ear or 
downy-mildew disease (Selerospoi'agraminicola.) of Pennisetum typhtddenm 
and other grasses; the whole staminate head, or tassel, or the ear hec?)mes 
a leafy structure in certain phases of the head smut (Sorosimrium ralinnnm) 
of corn; petals may become like sepals, stamens like carpels and carpels 
leaf-like in the white rust (Albugo Candida) of crucifers; all the floral parts 
are transformed into foliage leaves in the Japanese plum affected witfi 
rust (Coeoma makinoi). The term '^phyllodj'^ is applied to the change 
floral organs into leafy structures. While phyllody is frec|uently causetl 
by the presence of a parasite, other disturbances may produce similar 
effects. 

8. Mummification. — ^The transformation of fruits into shriveled 
structures called “mummies'^ is a phase of numerous diseases 

our commercial fruits and may also occur in the fruits of wild plants. 
The fruit generally undergoes an initial change which would be charac- 
terized as rotting, but during this process the tissues become filled with 
the mycelium of the parasite and*the dry, shriveled structure wdiicfi 
results consists of the remains of host cells mingled with tins myceliuiii 
alone or also with spore fruits which have been organized. Mummies 
remain hanging on the tree or fall to the ground, but resist further decay 
until a later time or after they have produced a crop of spores. S{x>res 
may develop at once or not u'ntiT'the'next spring, or in some cmen not 
until thO'i mummies have passed through two winters. In cases whew 
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luuminies produce spores in the fall this process is continued into the 
following spring so that mummies may be looked upon as devices to pro- 
vide for the overwintering of those parasites by which they are produced. 
The formation of mummies is a very characteristic feature of the brown 
rot (SderoUnia spp^ of stone or pome fruits, like apricots, peaches, plums, 
cherries and apples %r pears. In plums or peaches the brown, shriveled 
imimoiies, frequently cemented into clusters which remain hanging on 
the trees, are a familiar sight in regions where the brown rot of these hosts 
is prevalent. Other typical illustrations may be found in the bitter rot 
(Glomerella cingidata) and black rot {Phymlospora cydonim) of the apple 
and in the black rot (fxuignardia bidwellii) of the grape. 

9. Alteration in Habit and Symmetry,— Some plants which under 
normal conditions are more or less prostrate or creeping become ascending 
or even erect when attacked by a fungous parasite, and, as it were, signal 
their distress. This is notably true in ^^pusley,’^ a common garden weed 
{Portulaca oleracea), when attacked by white rust {Albugo portulacce)^ 
and in certain species of spurges {Euphorbia spp.) harboring the cluster- 
cup stages of rust. The same symptom is shown in some tree diseases in 
which normally horizontal limbs or branches become grouped into more 
or less erect clusters (see Witches’ Brooms under Art. 12). In these cases 
a dorsi-ventral symmetry is changed to a more or less evident radial 
symmetry. Closely related to the above is the change from the rosette 
to the caiiline tj^pe in Launea asplenifolia^ the unbranched stem and 
radical leaves being changed to a much branched axis with cauline leaves, 
as the result of a rust {Puccdnia butleri). 

The vegetative organs may show various alterations; leaves may be 
changed from simple to irregularly lobed, as in a South American bar- 
berry attacked by a rust (..Ecidium). Sempervivum hirtum with obovate 
leaves normally twice as long as broad may be changed to produce leaves 
seven times as long as broad when infected with a rust-like fungus {Endo- 
phylUini scmpervin). Leaves may be variously twisted or deformed by 
various parasitic attacks (numerous rust infections) ; stems may be 
twisted orydeformed, and internodes elongated or shortened; and branch- 
ing may be reduced (various rusts) or increased, as in the degeneration 
disease of tlie potato known as witches’ broom (see also Hairy Root and 
Witches’ Brooms). 

The reproductive structures may be transformed by the action of 
disease: In the club types of wheat the head is changed to the elongated 
or ^^vulgare” type by the presence of bunt or stinking smut (Tilletia 
tritici); in a species of Acacia the inflorescense is changed from a head to 
a spike by a rust {(Ecidium esculerdum); flowers may be changed from 
regular to irregular (actinomorphic to zygomorphic) or vice versa, cyclic 
typec^tp strobilate types, dioecious to perfect and various other modifica- 
tion of the flowers or flower parts may .result, - ;; 
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10. The Destruction of Organs.— The complete destruction of organs 
may result from either non-parasitic causes or from tlie inroads ot a 
pathogene. The rudiments of seeds, the ovules, may dry up without the 
production of seed, due either to low-temperature injuries, lowered vital- 
ity or failure of fertilization, as in the empty or partially filled cells of an 
apple, or seeds may be destroyed by the action of a parasite, as in the 
smut of sheep sorrel (Oxalis spp.), in which the spores of the parasite 
{Ustilago oxalidis) are forcibly expelled from the seed capsule just as if true 
seeds were present. Entire flowers may be destroyed or only flower 
parts, as in the anther smut of pinks caused by U. inolacea. In the case 
of “bladder plums” due to Taphrina pruni, the pit fails to develop and the 
rudiment of the seed is destroyed, producing the empty inflated “fiwis” 
characteristic of this disease. 

The so-called “seeds” or fruits of cereals (the caiyopses) are fre- 
quently destroyed by the operation of a parasite. This is notably true 
in the covered or kernel smuts — kernel smut (U. levis) of oats, bunt or 
stinking smuts {Tilletia triiici and T. levis) of wheat, and in the kernel smut 
{Sphacelotheca sorghi) of sorghum. In these kernel smuts the young 
mycelium of the fungus enters the young developing ovary and .sporuiate.s 
there, using up the food that would normally be stored in the seed. 'The 
final result is the “smut ball” or spore mass enclosed by a remnant of the 
wall of the kernel. All or part of the grains in a head may be destroyetl 
and all or only part of the heads on an infected plant may be .sinutte<l. 
In other cases the destruction may be more complete and the entire 
inflorescence may be involved. This is well illustrated in the loo.'^e smut.s 
of cereals — ^loose smut {Ustilago avence), of oats, loose smut {C. Iriiiei) of 
wheat and the loose smut ( U. nuda) of barley. In a typical case, a.s in 
the loose smut of wheat, all parts of the head except the ce.ntr;d axis or 
rachis are destroyed and replaced by a black powdery ma,ss wiiich has 
been largely dissipated by harvest time, leaving the rachis naked (>r with 
only a few remnants of the spore mass. 

11. Dropping of Leaves, Blossoms, Fruits or Twigs. — This is, of 
course, to be considered as a symptom of disease only when it ofannw 
prematurely or in excessive amoimt. This may first be illustrated by the 
normal behavior of leaves, which are all shed in deciduous specie.^ at the 
end of the growing season or by the loss of a part of the needle leaves cjich 
season by coniferous evergreens. Under such conditions the leaf falls 
because of , pertein changes which take place in the abscissioti layers, or 
cleavage zone, at the bAse of’ the petiole, causing a separation. Non- 
parasitic influences or parasites acting upon the growing plant may bring 
about the same changes in the abscission layers as the cold of autumn, thus 
producing premature leaf faH. twigs, fruit spurs or fruits may 

be separated from their points of attanlunent in a similar manner, 
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Due to a sudden change of external conditions from a moist green- 
house to a dry room, from moderate to intense light, or from cool condi- 
tions to warm, such house plants as fuchsias, foliage begonias, azaleas, 
rubber plants and many others will drop their leaves. The dropping of 
the leaves is such a characteristic symptom of certain diseases as to suggest 
the common name, as in the leaf casts (Hypoderma or, Lophodermium 
spp.) of the pine and larch. The shedding of lower leaves which have 
become spotted and chlorotic is a very characteristic behavior of alfalfa 
plants affected with leaf spot (Pseudopeziza /medicaginis) or yellow leaf 
blotch {Pyrenopeziza medicaginis). In severe attacks, some cherries 
affected by the yellows or leaf spot (Coccomyces hiemalis) may be nearly 
defoliated by midsummer. The shedding of blossoms may be illustrated 
in the blossom drop of the tomato, which is frequently very noticeable 
during the first part of the growing season when cool, cloudy weather 
prevails; and in the so-called shelling of grape blossoms or of partially 
developed berries. It is probable that the shelling or dropping of the 
reproductive structures is the result of insufficient food to supply both 
vegetative and reproductive activities. In hyacinths given too much 
water and subjected to high temperatures at the beginning of the growing 
season, the stalk bearing the entire inflorescence may separate at the base. 
Dropping of fruits may be illustrated by shedding of bolls in cotton 
or the June drop of stone or pome fruits, the former following extremes 
of weather, either dry or wet, while the latter may be induced by various 
factors affecting the nutrition of the developing fruits. Parasites local- 
ized on the fruits or fruit pedicels may cause dropping of young fruits, as 
in scab (Venturia inacqualis) of apples or California blight (Coryneum 
brijerincJxu) of the cherry. The casting of fruit spurs may occur in pears 
or apples, or there may be an abnormal abscission of twigs and small 
branches in such trees as willows and poplars due to excess of water 
or to temporary drought followed by an excessive supply of moisture. 

12, The Production of Excrescences and Malformations. — A great 
variety of abnormal formations may be grouped under this heading. 
Attention may be directed first to a condition known as which is 

the name applied by early mycologists to an abnormal development of 
hairs^ or trk^omes of leav es giv iiig felt-like patches. 

Wmle these formations were at first supposed to be of fungous origin, 

/ they are now known to be due to the ^ects^qf ce^ 
and are designated as erimse. Conamon instances may be found in the 
y/ erinose of the vine, in wKIdhyoung trichome felts suggest the white spots 
of fruiting downy mildew, and in the erinose of the mountain maple with 
its striking patches of red or scarlet hairs. , , , 

Knot-like or piistule-like distensions of tissue, occurring most abun- 
dai|tepn' leaves but also on stems and fruits, due to the abnormal elonga- 
grpups of cells, with or without increased cell division, are called 
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intumescences. No parasite is concerned in the formation of these 
structures^ which I’esult from environmental factors. In a t\ pica! ictif- 
intumescence, groups of palisade parenchyma . , cells , are abnoinialK elori-* 
gated, so that a'rafsedVblisterd^^^^ is formed. In other cases they 

rnay rupture" the epidemiis of leaf or twig and make a rough haiiy papilla, 
which may later become brown and collapsed, due to the death oi the 
cells. Intumescences are not uncommon on the unripe pods oi peas. 
They are in the form of pale irregular warts which by their appeartinee 
almost suggest a fungous infection, especiaUy if they have been ex|,)os(Hi 
to very moist conditions. Woolly streaks which appear in the core walls 
of apples under certain conditions are formed by thick bunches of elon- 
gated ceils or cell rows and are quite similar in origin to external in tumes- 
cences. If the overdevelopment of cells is somewhat general rather tlian 



i'lG, 19. — Leaf iutumesceuce of Cmaut iom.iH(o.sa. (Afirr Somm r.) 


distinctly localized, and extensive swellings of organs result, the eondi; 
tion is spoken of as “oedema” or dropsy. Tiii.s is not uneonunon when' 
there has been pronounced stimulation of growth or a if',s.sene(l con- 
sumption of water with unabated absorption. The condition on apple 
branches and roots in which the elongated cells separate ami dry to nmke 
a fine, brown powder, the so-called “tan disease,” is very similar to 
oedema. 

Localized enlargements on various organs in the form of small pu.stii!<‘s 
or warts, larger tubercles, tumors or masses of ceils making a morbid 
outgrowth of either fleshy or woody character, in which host tissues and 
parasites mingle, are generally designated as galls. These abnonnal 
growths may be due eith er to' plaat parasites, mostly fungfor bacteria, or 
to various insects. The study of galls and their agents constitute 
a special field of scienc^ toown as ced# A few illustrations will be 
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cited to show something of the variety of gall formation by plant para- 
sites: Very small reddish galls, inch in diameter or slightly less, are 
produced on stems, leaves and other parts of the cranberry in the gall dis- 
ease (Synchytrium vaccinii) ; the large, rounded or irregular tumors of corn 
smut (Ustilago zece) up to 6 inches or more in diameter represent about 
the extreme in size of galls of herbaceous structures. The so-called 
“cedar apples” of our common red cedar, evident as brown, more or less 
spherical enlargements, M to 2 inches in diameter, and quite fruit-like in 
appearance, are the result of a rust {Gymnosporangiumjuni'peri-virginianm) . 


i'la, 20. — Peridermium galls on Pitms virffiniana, 


The mon? or less elongated, rough, black outgrowths, the black knots, on 
the twig.s and branches of plums and cherries illustrate a different type of 
fungous gall {Ploiorighiia ynorhosa). Bacterial galls {Pseudomonas tume- 
famns) are well illustrated in the woody or fleshy outgrowths from the 
crown of fruit trees and numerous other herbaceous or woody plants, 
hence the name a-oum gall. While the graft union is a very common 
place for such galls, they may appear on any part of the root system and 
also upon aerial parts, as, for example, on the blackberry, where they 
involve long stretches on the canes and are sometimes referred to as cane 
galls. The galls on the leaves, twigs, branches or trunk of the olive, very 
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oi ine cnesmut. in a slow-gron-mg, |x*r- 
ennial canker the host will make efforts to 
heal the wound or to head off the progress 
of the parasite by the development of mlhw 
around the advancing border of the lesion. 
In time the building up of tlKi.se ridges of 
callus will be evident as more or less regular 
or broken concentric ridg&s mbich mark 
years or periods of growth, as is well 
jdlustrated in the European canker (Nectria gaUigem) of the apple or 
in the Strumella disease (Sirumella corynoidea) of oaks and chwtnuts. 
The majority of canker-producing fungi develop mainly in the bark or 
with a very limited penetration erf the wood, although in other cases (the 
last mentioned) the parasite may eat into the wood and cut the trunk 
in two or so weaken |t that,, it to withstand the force i4^ 


Fig. 21.— Perennial canker of 
chestnut oak due to Btrumella 
coryneoidm. 





symptoms OF .. 

stioiig ^\inds. Cankers of bacterial origin are well illustrated in the 
canker stage of the fire blight (Bacillus amylovorus) oi the apph pear and 
other hosts. The bacteria in the majority of cankers die during the first 
season^ but they survive the winter in a limited number, which are then 


Fig, 22. — Witches’ broom of service berry due to Apiosporina coUinsii. 

called holdover cankers. While the majority of cankers are of fungous or 
bacterial origin, they may be caused by non-parasitic influences, as is 
well illustrated in the ^%inter sun scald cankers which appear on the 
southwest side of tree trunks, on the exposed faces of larger limbs or 
ua the crotches of the larger limbs. 
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Various woody plants may produce closely grouped clusters of fine 
slender branches, generally arranged more or less parallel to eiicli other 
and frequently originating from an enlarged axis. These brooni-like 
clusters are called “witches’ brooms,’’, which is a literal translation of the 
German name, “Hexenbesen,” originally applied to these .structure.'' 
by the superstitious peasants of central Europe, who attributed their 
origin to the machinations of witches. In the majority of cases the 
branches that normally would be horizontal, or only slightly ascending, 
become erect or nearly so. Various leaf-curl fungi which become peren- 
nial in the host tissue are responsible for witches’ broom.s, as i.s well 
illustrated by the leaf curl and witches’ broom {Taphrina ccrafii) of the 
cherry; rust of various species may give rise to very charaeteri.stic broom.s 
on various conifers (e.g., Gymnosporangium libocedri on the incense cctiar ) : 
Mcidium elatinum on the silver fir; while the scaly or dwarf mistlotoe.s 
(Razoumofskya spp.) m&y be the inciting agents in pine, larch and firtn>os. 
The majority of witches’ brooms are due to plant para,sites, but in soino 
cases insects may play a part, as in the branch knot of the hackbeny 
(Celtis occidentalis), caused by a mite (Phytoptus) followed by a fungus. 

A development somewhat similar to the watches’ broom.s of aerial 
structures may occur on the root systenis of woody plants, giving ri.se 
to an abnormal number of fine fibrous roots, frequently making compact 
clusters, the so-called hairy root. These roots may originate frojn the 
main root or the croTO, from some lateral root, or they may come from 
the surface of a croTO gall, giving what is known as the wt>oIly-knot form 
of hairy root. The primordia of adventitious roots may sometiim^s b{> 
organized in closely aggregated groups on trunk or branchc.s, hut, failing 
to develop into true roots, may produce rough, papillate, gall-like forma- 
tions, the aerial hairy root of apple, pear or quince. 

Just as some plants which normally have the ro.sette habit give up this 
type of growth as a result of disease, others which normally never produce 
rosettes adopt the rosette habit when they are diseased. In the fortna- 
tion of these rosettes, axes which normaOy are much elongat'd remain 
short and congested due to failure of the internodes to elongate, Jind as si 
result the leaves are closely grouped. This rosette sjuiiptom i.s char- 
acteristic in certain diseases that it has given rise to the common mum of 
the trouble, as in the appleAosette of the Pacific Northwest, tlie jxjcan 
rosette of the southern United States and in the contagious rosette dis<uwp 
of peaches and plums of the southeastern states. Somewhat similar 
modifications of growth may accompany diseases of herbaceous pianto. 

^ Disease may cause the development of dormant or rudimentary 
structures or entirely new organs may appear. Dormant buds may lx‘ 
started into growth, producing new shoots, as may be noted on ringing or 
girdling diseases of trees, in which the new development is just below the 
zone of attack, as in silver leaf (Si^ewn purpureum) of fruit trees. Eta- 
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mens that normally are rudimentary in the pistillate flowers of Lycnh 
(lioica when attacked by anther smut (Ustilago violacea) grow to full size 
but produce smut spores instead of pollen; or buffalo grass (Buchloe 
dactyloides) may form ovaries in its staminate flowers when parasitized by 
smut {Tilletia huchlceana). The formation of new organs or structures, 
either similar to or entirely unlike any normal parts of the host, may occur 
on either deaves, stems or flowers. Striking illustrations are found in the 
production of slender, branched, leaf-like outgrowths from the fronds of 
a fern (Pteris) infected with one of theleaf-eurl fungi {Taphrina laurencia); 
or in the pallid, leafless, branched structures which appear on shoots and 


Fig. 23. — Witches’ broom of potato. (Photograph by B. F. Dana.) 


leaves of a Japanese conifer (Thujopsis), when infected with a rust 
(Cwoma deformans). New flower parts may appear, as in Viola silvestris 
wdiich produces extra petals when affected with rust. 

-X In certain cases an organ may continue to produce new growths after 
it has reached the form or stage which would normally end its develop- 
ment. This symptom, proliferation or proUfication^ is well illustrated in 
the conifers, especially the larch, in which the cone axis may grow out into 
an elongated, needle-bearing branch; in roses, in which a new blossom 
may sometimes come from the center of an old one; in certain composites, 
in which peripheral florets may grow into elongated axes bearing small 
but perfect flower heads; in the so-called sprouting pears (also other 
pome fruits), in which one pear may be formed directly above another or 
when a leafy twig may continue to grow from the calyx end; or in the 
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second growth or sprouting of potato tubers while still in the soil. In such 
cases there is a disturbed nutrition giving an oversupply of plastic food 
substances. Somewhat similar disturbances may result from the attacks 
of fungi, as in the “green-ear disease” or downy mildew (Sclerospora 


Fig. 26. — BolHixg of cherry leaves due to powdery mildew {Podoisphcera oxyacanihce) 


graminicola) of certain grasses in which the head is transformed wholly or 
in part into a loose green head, due to the growth of florets into small 
leafy shoots; or in corn affected with head smut (Sorosporium reilianum), 
in which flowers or an infected inflorescence sometimes grow out into 
either leafy structures or small leafy shoots with the elimination of spore 
production. 

EoUing, crinkling or curling of leaves may result from the operation of 
either parasitic or non-parasitic factors. Rolling of leaves is the first 
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pAgml of thirst in many plants,. and .may serve as a temporary clie.ck to 
loss by evaporation. TMs symptom is so characteristic in certain tron-* 
bles that it has suggested the common name, as in the leaf curl [ Taphri'iui 
{Exoascus) deformans) of the peach; or the leaf roll and curly dwarf of the 
potato, belonging to the degeneration or virus diseases. In other cases 
diseased leaves, instead of showing the normal smooth surface, may he 
variously crinkled or puckered, as in numerous mosaie diseases oi* in apple 
leaves showing frost blistering. 


Fig. 27i, — F ascia tioa of apple twigs. 


CyHndrical organs may become broad, flattened and more or leas 
if ’ ^vmg the appemnce as though a number of branches had 
banded or faseiaied structures may be more or leas 
tested or thrown into cofls or spirals. The entire inflorescence of some 

fasciation, as has occurred in the cock's 
comb (Cebm cnstata), in which the abnormahty has been propagated for 



Kpi-'' 






# 




SYMPTOMS OF DISEASE IN PLANTS 


•51,: 


ornamental purposes. Cylindrical stems may show little or even no 
evident flattening but may grow in such a manner as to produce an 
irregular scraggly growth with a flat or open spiral form, or the spiral form 
may be noted in the spifalism of cei'tain woody plants Yellow New- 
town apple or in the Gravenstein, where it has come to be almost a variety 
chpacteristic). 

The abnormal roughening of surfaces, which under normal conditions 
should remain smooth, is another symptom of disease. This roughening 
may be very slight, as in the russeting of the skin of apples or pears, which 
may be due to frost injury, use of a spray like Bordeaux or to the attacks 
of a parasite as in the net russeting of apples from powdery mildew 
{Podosphmra leiicotricha). Russeting may be general or dilfuse or it may 
be localized in the form of small patches, rings or bands. In some varie- 
ties russeting in part or throughout has come to be a normal variety charac- 
ter, If the roughening of the surface is more pronounced, the name 
^^scurf or '^scab^^ is frequently applied to the condition, as may be illus- 
trated by the rough-bark disease of the apple and pear (non-parasitic), the 
rough-bark canker (Pliyllosticta prumcoZa), the scab of citrus fruits, the 
scab of apples and pears, the freckle or scab of peaches and the common 
scab of potatoes, each an infectious or parasitic disease due to a specific 
pathogene. 

%/Fruits may be variously deformed or root crops may be cracked, 
corroded or irregular in shape. Deformed fruits may result from such 
parasitic attacks as the apple scab fungus (Ventiiria inmqualis) or 
sucking insects like the rosy aphis may produce irregular, gnarly apples 
(Stigmonose), while freezing injury when the fruits are young may cause 
other deformities. Pears may develop an excessive stoniness or an 
increased number of grit cells may be formed (Lithiasis), either scattered 
or in localized groups. Potato tubers that are cracked, corroded or 
irregular in form are common in plants affected with Rhizoctonia and 
also in the case of some of the degeneration diseases. 

13, Exudations. — The forcing out of water or cell sap upon free sur- 
faces is a normal physiological process in many leaves (guttation) and 
bleeding from the cut ends of stem or branches may be expected in many 
cases, but in certain diseases the abnormal oozi n g out o f watery, or slimy 
products which may or may not set into hard masses is a very striEhg 
symptom. "^TTieYiSafacter of the exHHale varies with the natm^^^ the 
causal factors and the peculiarities of the affected plants. 

A. Bacterial Exudates. — This symptom is well illustrated in the fire 
blight of apple, pear and other hosts, in which the ooze or exudate con- 
sists of myriads of the minute fire-blight bacteria mingled with decom- 
position products from the affected tissue. The bacterial ooze may burst 
out through a break in the bark of an active canker and run down the side 
of the trunk or branch. At first, or under conditions of abundant mois- 
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tuie, it is a sticky, fluid mass, but with evaporation of moisture it may set 
into firm masses which remain until washed away bv rains. On succiilent 
structures like 1-year-oId twigs, leaf stalks, flower pedicels or fruits the 
oozmmay solidify into minute, pearl-like drbplets, which are clear or 

^1 yellow. In various other parenchyma trix's of 

bacterial diseases exudate will be formed, even in bacterial loaf spots 
spreading as a thin film_ or crust over the surface of a lesion. 

f . ^“^—This name is applied to the fluid or scmifluiti outfiow 

lom the bark or wood of various deciduous trees, which does not set intci 
solid masses. Wounds may bleed and the exudate, which is roalh' a good 
utiient solution, may support various bacteria or fungi which delat or 

of the diseased tissue may be formed and finally pouiil out upon fm 
surfaces, sometimes with the development of pockets tbe to the h o n 
do,. o, «ffecM cell. P^tic nLy t S 

deiagemmf ““ of tB»,e 

, “ir wr 

of any specific parasitic or non-parasitic disturbaner 1 ! " 

^paniment of many diseased conditions in stone fruits e * ” 

: cherries and peaches, and is also common in citr^stocf In i 
.mentioned plants gummosis is likelv to foim i ^ Uicabove- 

I from any cause wh^teverin 

f result from growth in heavy nonrlv f ^ gummosis may 

I taiury.lt 

l/genic bacteria~e.ff bacterial of patho- 

'-a deSBife fungoo/fc” SSfr™“ 

—or from the injurious effects of an in«o + ^ * ((-<» liineum iicijfriiiH-ii) 

It should then be emphasized that gummosis ' 

a sym^m of disease which may £ broueht ahoff’ disease, hut 

ays. X ^ Drought about in a great variety of 

n " 


■ ”•1/ 

is a normal featureTn canals 

the limited occurrence of piteh as a surfac ° ami 

excessive outflow of resin may mrfidatA tl!^ ®«^date is frequent, but the 

and may also result fftaB the Www # ^ (Pendermium tepp.) 

\ ■ .. •' ■ ■ ■ ' : , ' wood-destroying fungi, the 
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abnormal production of resin sometimes giving the first signal of the 
presence of an internal parasite. 

E. Latexosis— The production of latex, or a milky fluid, in special 
laticiferous vessels is a characteristic of certain species of plants, and this 
milky fluid will ooze out from cut surfaces. An abnormal outflow of 
latex may accompany certain diseases, for example, the older stages of 
rubber canker. 

14. Rotting. — Succulent or. woody stems and roots, fleshy leaves, 
flower buds or fruits may be affected with either dry or soft rot, the 
gangrene of plant tissue. The character of the rot may depend on the 
structures involved, the causal factors or complications and external con- 
ditions. In the majority of cases, soft or pulpy fruits undergo a soft rot, 



Fig. 28. — Cross-section of the fruit of an egg plant rotted by Phonwpsis vexans. 


or wet rot, because of the abundance of water in their tissues, while firmer 
structures are affected with dry rot unless the initial changes are followed 
by the attacks of putrefactive bacteria. 

a. Boot Rots. — Either fleshy or woody roots may be attacked by 
bacteria or fungi which may cause a rapid or a slow disintegration of the 
invaded tissues. This effect is well illustrated in the destructive Texas 
root rot (Ozonium omnivorum) and the root rots of alfalfa due to various 
fungi (Fusarium^ Rhizodonia spp.). Root crops like beets, carrots, 
turnips, parsnips, sweet potato, etc. may develop soft rots due to bacteria 
{Badllm carotovorus and othem) or either dry or soft rots may be caused 
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l)y fungi ie.g., Phoma betm on beet, Ehizopus rot of sweet potato.) Wooth^ 
roots of our forest and shade trees, or of bush fruits or ornamental shrubs, 
may be rotted by fungi. The shoe-string fungus or honey agaric 
laria- mellea) as the cause of mushroom root rot is a para, site of wide 
distribution; the Ozoniumof cotton attacks many other hosts, both herba- 
ceous and woody; and various wood-destroying fungi may work in the 
roots and trunk of affected trees. 

b. Leaf or Stem Rots.— Succulent or herbaceous leaves or stems may rut 
rom the mroads of either bacteria or fungi, as in the late bliglit (Phiitoiih. 
i^ra infestans) of the potato, the slimy soft rot of lettuce (bacterial • 
the stem rot or wilt {Sclerohnia sclerotiorum) of various garden and 
crops the stem rot (Fusarium sp.) of the cultivated aster, the hlackhtr 

(Bacillus atrosepticus) of potato md numerous other illustrationi^ Modified 

.fern, or tubers, rhizomes, bulbs and corms, are storehouses of ivscrvefmxl 
and as such furnish an excellent pabulum for bacteria or fungi and since 
their tissues are in a dormant or languid condition they frequently fall an 
easy prey to weak parasites. The potato with its soft and dry rots dm* to 
various bacteria and fungi will present typical illustratioms: dry rots dmvto 
he late-bhght fungus (Phytophthora infestans) and various .species of 
sarium, soft rots due to bacteria following late-blight attacks to'th . 
tuber phase of blackleg or to the inroads of a ^oil f~ ^ 
anum) which produces the disease known as .^Zft 
leak Woody stems of living hosts, standing dead timber or nosts , 

opting ^JrhasT^S^^^^^^^ CtnXfiStf 

smooth or toothed structures, or toa^tod- kef pro.str.aie, 
branch or trunk is already nervfiftorJ k ^ fouins is a .signal that th,. 

which is now emerging from its vegetative body of the f««gu.s 

offspring in the £ of spoJs^fcL^ 

destroying fungi are pure sapronhvtes worlds. Many wood- 

gration of posts, poles and structural timbe^ disinte- 

with the ground or is sufficiently moist to contact 

productg ot^ff hornet r mt- 



Fig, 29. — Blue-mold rot (Penicillium) of apple. 
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other flower parts rotted by the combined action of a fungus OSporoW- 
chum anthophilum) and a mite. The spores of the pathogene are appar- 
ently carried by the young mites which migrate to unopened buds, and 
soon find the soft, rotted petals a suitable substatum in which to complete 
their development. A second illustration is afforded by the bud rot of 
the coconut, produced by a fungus (Phyiaphthora faheri) with secondary 
invasions by bacteria. It is claimed that this disease is spread by vul- 
tures which are attracted by the odor of putrefaction. The cabbage, 
which is really a specialized bud, may be entirely destroyed by the bac- 
teria of black rot {Pseudomonas campestris) and secondary invaders which 


work down the leaf veins and get into the center of the head, finally pro- 
d^^^^ putrid, foul-smelling mass. 

'^^^fTPruit Rots . — The rotting of fruit may result in a few cases from the 

^oj^ration of non-parasitic factors, but the great majority of cases of fruit 
rot are due to either bacteria or fungi. The best example of a non-para- 
sitic fruit rot is illustrated by the blossom-end rot of the tomato, which 
generally begins on immature fruits and produces a dry, black rot on the 
blossom end. The rotted tissue is frequently invaded by fungi, which 
were at first thought to bear a causal relation to the disease; but it is now 
known that these are entirely secondary factors and that the decomposi- 
tion of the tissue is the result of a. deranged nutrition. A somewhat 
similar blossom-end rot of the watermelon has been observed in the South. 
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The great majority of fruit rots of parasitic origin are due to fungi, 
rather than to bacteria, since the chemical reaction of most fruit juices 
seems to be unfavorable to the growth of bacteria, but favorable to the 
growth of many different fungi. The soft rot {Bacillus melonis) of the 
muskmelon is due to bacteria which gain an entrance through some 
wound and cause a complete decay with an offensive odor. Bacteria of 
fire blight will grow in young fruits of susceptible hosts but ai-e never 
responsible for the rotting of mature fruit or fruit in storage. Xone of the 
transportation or storage rots of small fruits, stone fruits or pome fruits 
are caused by bacteria, but numerous fungi belonging to widely separatcfl 
groups are very destructive. 

The fruit-rotting fungi may gain an entrance through the unbi-oken 
skm in numerous cases— e.g-., bitter rot of apple (Glmicrclla cf/igidnta)- - 
but many fungi can enter only through some wound or brui.se. The 
rotting may begin when the fruit Ls still immature and hanging on the 
tree, and continue during transportation to market or during storage. 
Many fruit-rotting fungi are weak parasites and only attack ripe fruit, 
just at the time of maturity or after it has been harvested. St)ft fruits 
hke strawberries suffer rapid decay from fungi, while fruits like apple.s 
with a protective epidermis may be preserved for a long time. If it were 
possible to prevent the inroads of fungi, the drying of fruits from lo.s.s of 
moisture would be the factor limiting the keeping of fresh fruit in many 
causes, although it must be remembered that the cells of fruits are still 
ahve and that chemical breakdown will follow in due time even though 
moisture is retained and fungi are excluded (e.g., internal breakdown of 
the apple). 

Eots of fruits may be soft or dry, varying with the nature of the fimit, 
the Identity of the causal organism and the environmental factors whicdi 
are operative. Strawberries attacked by lihizopus nigricans undermi -t 
very soft watery rot which is called “Ieak,» while fruits affected with 
Botiytis remain firmer, and finally dry to shriveled mummie.s. Apides 
rotted by blue mold (Pemcillum) are soft and decay complctelv, while 
attacks of brown rot (Sclerotinia) may finally produce slightiv .shnmkcn 

rite SrTTK '7^"^ ^ mt.ne,hv 

S the r ro?fn w 1““^' and undergo decay or dry rot. as is well shown 

Z f destructive in the corn 

elt of the United States. The most important fungi causing rote of our 

penshable fmts are species of the following genera; Pythiaevstis, Sdero- 
tima, Pemcilhum, Alternaria and Phomopsis on citrus fruits* Glomerella 
Physalospora, Neofabr^, Sclerotinia,, Penicillium, Botrytis and Alter-^ 

Md ^ P®ars; Sclerotinia on stone fruit®, • Botrytis, Rhisopus 
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SECTION II 

NON-PARASITIC DISEASES 

CHAPTEE III 

DISEASES DDE TO DEFiaENCIES OF FOOD MATERIALS IN 

THE SOIL 

Considering the varying origin and composition of soils and the fact 
that plants must obtain the large part of their food materials from the soil 
environment, disturbances of nutrition due to insufBcient amounts oi 
some of the essential food materials may be expected under certain 
natural field conditions. 

Chemical Elements Required by Green Plants.— Every green plant 
requires ten different chemical elements and these must be obtained 
either in the form of elements or combined in compounds which are 
available in the environment in which the plant grows. These ten essen- 
tial elements are as follows: carbon (C), h 3 ’drogen (H), oxj’gen (OS, 
nitrogen (N), phosphorus (P), sulphur (S), potassium (K), calcium (Ca), 
magnesium (Mg) and iron (Fe). Most of the carbon and ox.vgen is 
obtained from the air as carbon dioxide and free or elemental o.xygen and 
used by the plant in the process of carbohydrate food manufat-ture av 
photosynthesis and in respiration. The great volume of elemental nitro- 
gen which forms four-fifths of the atmosphere is onlj' available for a few 
specialized plants which have the power to fix free nitrogen. Ilydrogetj 
is obtained in part from water. The four elements named are volatilizenl 
and lost when plant tissue is burned or reduced to ash, but the other 
essential elements P, S, K, Ca, Mg and Fe, together witli a nutnlx'r of 
other accessory elements, are left behind in the ash. Crop plants, exclu- 
sive of the legumes, must get their nitrogen from the soil in comljined 
form and all crop plants must derive their ash constituents from com- 
pounds which are brought into solution in the soil water. Some of the 
non-essential elements of the ash serve no important function in the life of 
the plant, while others may be of value because of a stimulating elTcct 
or because their incorporation modifies certain plant structures. 

The Uses of the Essential Elements. — Carbon, hydrogen and oxygen 
are combined to form carbohydrates, which are essential foods for crop 
plants. In addition to these three elements, nitrogen, sulphur ami 
phosphorus enter into the composition of proteins and nudeoprotein.s 
which are manufactured by green plants and utilized in the nutritive 
process. Potassium is essential for healthy growth and accompanies and 
plays a part in carbohydrate synthesis. Calcium is neewsary for normal 
S8 
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leaf development; it exists as calcium pectinate, in the middle lamelte, 
which cements adjoining cells and may serve a protective action by com- 
bining with oxalic acid to form crystals of calcium oxalate which are 
insoluble. This would prevent the injurious effects from the accumula- 
tion of oxalic acid. Magnesium^ if not an actual constituent, at least 
accompanies certain proteins, and is contained in chlorophyll. Iron in 
minute amounts is essential for green plants and its lack prevents chloro- 
phyll formation. When deprived of iron, plants develop pale or chlorotic 
foliage. Some of the essential elements may serve in the growth of plants 
in other ways — for example, sulphur appears to have a stimulating effect 
on certain crops, while calcium appears to help in maintaining a proper 
soil reaction. 

Elements Likely to Be Deficient.— Carbon, hydrogen and oxygen are 
generally available to the growing plant in sufficient amounts to satisfy 
the needs. In certain cases lack of oxygen may cause asphyxiation of 
roots or play a part in storage troubles of plant products (Chap. VI on 
Diseases Due to Improper Air Relations). Water shortage probably 
causes injuries because of interference with other water functions, rather 
than by depriving the plants of hydrogen furnished. The principal 
deficiencies of chemical elements are of those supplied to the plant through 
soil compounds. Those which are most likely to be deficient in certain 
soils and to limit plant growth or give rise to abnormal or diseased condi- 
tions are nitrogen, phosphorus and potassium. Under certain conditions, 
magnesium, calcium or iron may be lacking in the proper amount. The 
absence of an element or its presence in non-available form will lead to the 
same results. The shortage of a single one of the essential elements or 
of two or more in the soil of fields or greenhouses may simply retard or ’ 
restrict growth and fruit formation; if the shortage is not too pronounced 
or if the deficiencies are greater, marked pathological conditions may 
result. 

SAND DROWN OF TOBACCO 

A deficiency in the supply of magnesium has been shown to cause 
disease in various plants (Graebner, 1921), but a chlorosis of tobacco may 
be described as illustrating this type of derangement. This chlorosis of 
tobacco which has recently been investigated in some detail has been 
called ^\sand drown, because of its occurrence on sandy soils which have 
been leached by heavy rainfall. The disease was first observed in North 
Carolina in 1912, and has since been studied in that state and in other, 
tobacco sections. 

In general, it may be said that with approximately normal rainfall and the 
use of fertilizers of the grades and quantities that have been, most widely employed 
in tobacco culture sand drown is not commonly seen in sufficiently severe form 
to attract attention or to cause serious loss (Garner et al, 1923). 
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The disease is, however, fairly frequent in certain sandy soils in seasons 
of excessive rainfall. 

Symptoms and Effects.— The affected plants are marked by a chlorosis 
which begins with the tips of the lowermost leaves and advances until 
the whole leaf is involved and in the most severe cases nearly the entire 
plant. The chlorosis advances from the tip towards the base or from the 
margin towards the center of the leaf. The discoloration is not complete 
but the veins and some of the adjacent tissue retain more or less of the 
normal green color so that affected leaves show a characteiistic mottling. 


Fig. 30. Leaves of tobacco affected mtb sand drown. (AJter Corner et al. I 

Agr.) 
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than those from normal plants. In certain tests, normal flue-cured 
leaves per unit area have been found to be 45 per cent thicker and 65 per 
cent heavier than diseased leaves. The cured diseased leaves are injured 
in texture since they are drier and more lifeless than normal leaves. The 
color of cured tobacco has an important effect upon its commercial value, 
and it may be noted that sand drown causes a marked reduction in this 
respect. 

In the flue-cured district normal leaves when properly cured have a bright 
lemon to orange color, and in other districts the colors range through various 
shades of brown with either a reddish or a greenish cast. On the other hand, 
the leaves or the portions of leaves affected with sand drown show, after cur- 
ing, a dull, faded appearance similar to that observed in the field (Garner et ah, 
1923). 

Sand drown, therefore, may cause a lowering of grade or quality 
because of impairment of color, reduction in weight and unfavorable 
effects on the body and elasticity of tobacco leaves. 

Tobacco is affected by several other types of chlorosis which should 
be differentiated from sand drown: (1) potash-hunger chlorosis; (2) 
pallor due to sulphur deficiency; (3) frenching; and (4) infectious chlorosis 
or mosaic. The chlorosis of potash hunger is distinguished from sand 
drown by puckering of the leaved and by a characteristic downward 
curving of the leaf margins giving the condition known as ^^rimbound,” 
and by the prompt appearance of small, dead spots in the affected leaves. 
In sulphur deficiency the color of the whole leaf is a light shade of green, 
midrib, veins and intraveinous areas being uniform. In frenching, the 
leaves are mottled somewhat similar to those of sand drown but they are 
smaller and generally narrower than normal leaves. The characteristic 
mottling of mosaic is distributed uniformly over the leaf and appears only 
in the growing tissue. 

Etiology. — Sand drown has been shown to be due to a magnesium 
deficiency. According to Garner et al. (192*3), the disease may result 
under field conditions when heavy rains remove the magnesium from 
sand soils by leaching. Also the pe of certain fertilizer salts may lead to 
sand drown even in seasons of normal rainfall and even on the heavier 
types of soil. It has been possible to produce sand drown in pot cultures 
by watering the soil with complete nutrient solutions from which magne- 
sium has been omitted. Galvanized-iron buckets with perforated bot- 
toms were used and the nutrient solutions were added in considerable 
excess so as to cause leaching. By this procedure sand drown appeared 
quickly when the magnesium compound was omitted. When the disease 
had not progressed too far, further proof of the fact that the chlorosis was 
due to the deficiency of magnesium, was obtained by the ready restoration 
to normal by the addition of magnesium. It is also stated that: ^ 
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Under favorable conditions the disease may be iiKlueed by applying- the 
fertilizer salts (with magnesium omitted) to the soil before transplantijig, ajid 
avoiding any leaching action in watering the plants. Naturally, the symptoms 
are less severe than when leaching is employed. 

Sand drown has been greatly increased in severity in field tests by 
the application of certain fertilizers, while it has been reduced or pre- 
vented by others. In fertilizer tests on the Durham sandy loam (North 
Carolina) it was found that even the smallest applications of potassium 
sulphate resulted in a marked increase in the amount of the disease, and 
that the chlorosis became more severe with increases in the rate of appli- 
cation of the sulphate. When ammonium sulphate was used as a sourc^e 
of nitrogen, the disease was accentuated which again demonsti'ated the 
injurious action of sulphates. 

It has been shown that fertilizing with vegetable forms of organic 
matter tend to prevent the appearance of sand drown. For example, i he 
application of 500 pounds of cottonseed meal per acre showed a rediictioii 
in the disease and delayed the onset of the symptoms. Tlie protecting 
effects of plant organic matter were shown in fertilizer tests witli t<dKU*e<j 
stalks and stems and barnyard manure with the addition of the Bec*essary 
mineral fertilizers, but when dried blood was the source of the nitrogen 
the symptoms of the disease appeared. The application of common salt 
at the rate of 200 pounds per acre prevented sand drown, but when the 
chemically pure product was used no benefit resulted. Sand drown has 
also been prevented by the use of dolomitic limestone. 

It is the belief that the beneficial effect of salt, cottonseed meal, 
tobacco stems, manure, lime and impure potash fertilizers in preventing 
sand drown is due to the magnesia supplied by these fertilizers. Com men 
salt contains a small amount of magnesia, and is also l}elieved to liberate 
magnesia when applied to the soil. 

Cottonseed meal contains about 1 per cent magnesia, and this a possible 
explanation of the marked preference for this fertilize?!' material l)y hilniwa 
growers of the Connecticut Valley where color of the cured leaf is a! mueii 
importance. It may be that vegetable material of this character thmugli gradual 
decay in the soil furnishes a more or less continuous source of magiiesia in suifalde 
quantities through the growing season (Garner et ab, 1023}* 

Agricultural lime generally contains more or less magnesium, Imuv 
will prevent sand drown, since 20 pounds or less of magriesiuni im a,<?re 
is sufficient. 

Tests have shown that low-grade potash salts, such as Kainit and dinihln 
manure salts, eliminate sand drown and produce much better growth tluiii big!!- 
grade sulphate. It has been found, in fact, that both muriate and suiphate of 
potash in relatively pure form, _ but- still, containing very small |x?reeiitageK of 
magnesium salts, such as some of the high-grade” imported potash suite, arc 
less likely to cause sand drown than muriate or sulphate of exceptional piirily, 
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Prevention. — ^Sand drown can be prevented by the use of fertilizers 
in such a way as to prevent magnesium deficiency. The following are 
the most important features: (1) Very pure forms of potash fertilizers 
should not be used unless supplemented with other materials containing 
magnesia. (2) In soils which predispose to sand drown, some fertilizer 
containing magnesium should be used. (3) When sulphate of potash or | 

sulphate of ammonia are used as fertilizers the magnesium deficiency may j 

be remedied by the use of magnesium salts or by liming. I 
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NITROGEN SHORTAGE IN GENERAL 

Some plants when deprived of nitrogen are able to grow to maturity 
and produce blossoms and fruit, solely by utilizing the nitrogen that was 
already stored in the seed, but the aerial growth is very much restricted 
or dwarfed, in much the same way as in water shortage, or drought injury. 

In plants dwarfed by drought the relative size of shoot and root system 
is approximately normal, while in the case of nitrogen deficiency the root 
is abnormally elongated. It has been stated that this elongation of the 
root to many times that of the shoot is an infallible indicator of nitrogen 
shortage. It has been shown by cultures to be true for corn, and many 
eases of similar relations have been observed in plants growing in nitrogen- 
deficient soils under natural conditions. In pronounced nitrogen defi- 
ciency the foliage may assume a light-green to yellowish-green color, and 
with chronic or continued shortage become dry and yellowish brown. 

In many cases nitrogen shortage is expressed only by dwarfed plants 
and lessened production of the commercial product. The shortage of 
available nitrogen may cause modified flower development and consequent 
unfruitf Illness. It is one of the factors that influences sterility, and is 
also a factor in the premature dropping of fruit. It is also the belief that 
biennial or irregular bearing in fruit trees is largely a nutritional problem 
in which a disturbed nitrogen relation is the most important factor, 
although certain varieties are more prone to the habit than others. 

Quality or other features of the products which do mature may suffer 
from nitrogen shortage. 

YELLOW BERRY OF WHEAT 

An undesirable condition of matured wheat grains in which normally 
liard or flinty grains are partially or entirely starchy in composition has 
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been designated as “yellow beUy” or “yellow berry.” This condition 
is familiar to farmers, grain dealers and millers in many sections of the 

country. 

History.— The appearance of wheat grains showing varying degrees of mealiness 
has long been recognized, such terms as flinty, mealy and half mealy being used, but it 
is onl}*' in recent years that workers have recognized the trouble under the name of 
yellow berry. It was briefly reported in 1904 by Bolley. In Nebraska and adjacent 
territory the deterioration of hard winter wheat caused by the appearance of yellow 
kernels was of sufiicient concern in 1902 to form the subject of a special in\ estigation, 
the results of which were published in 1905 (Lyon and Keyser). It had been recog- 
nized as a factor in the quality of Minnesota wheats, although no specific name was 
applied to the condition (Snyder, 1904, 1905). More detailed studies of the ivouUc 
were published by Roberts and Freeman on the yellow'^-berry problem in Kansas hai’d 
winter wheats (1908) and by Headden (1915) on its cause and prevention in Colorado. 
Later investigations by Roberts (1919) have contributed additional data- on the physi- 
ological processes resulting in yellow berry. The trouble has also been given consider- 
ation in various bulletins dealing with wheat culture and with chemical iniiling and 
baking qualities of wheat both in the hard-wheat territory of the Plains state.s and in 
Pacific Coast sections. 

Symptoms and Effects.-— Yellow berry cannot be detected by any 
abnormal condition of the growing crop, but is only evident in the 
threshed grain. The trouble is characterized by 

... the appearance (in hard flinty wheats) of grains of light-yellow eolur 
opaque, soft and starchy. These opaque grains, constituting what are «»alled 
the ^'yellow berries,'^ may have this character throughout; but mnwtmu^ 
from a small fraction to a half of a grain will be yello’w and starchy, while* the 
remainder of the kernel will be hard, flinty and translucent. The difference in 
color between the flinty grains and the berries'^ is due to difTerem*c»s in 

the structure and contents of the cells of the endosperm (Roberts and .Freeman, 
1908). 

It very often happens that the only imperfection in a kernel will be a sharply 
defined spot in one or th.e other half, or in both halves of the kenml; again, the* 
affection is more diffused and may involve one-half of the kernel or a streak ak>!ig 
the back of the kernel. Owing to the fact that these spots and areas are less 
translucent than the surrounding flinty portion, often being quite opaque, the 
best manner of observing the kernels is by transmitted light. In this way it 
will be discovered that many kernels which by reflected light one would fonnider 
free from affection are in reality quite badly affected. When the l>erry h wludl}' 
affected its general color will be affected by the color of the bran or outer coating 
and win vary from dull white with a tinge of yellow to jelkm. Such kernels 
are usually, if not always, plump and when cut tmnsvejreely exliilnt a white, 
starchy interior without any homy: portion whatever. Such kernels w)ft 
and starchy.,, If such kernels as show' .small yellow spots be cut through traiia- 
yersely these spots will show 'in,' the -'Action as white, mealy or starchy circles 
embedded in a horny, translucent matrix (Headden, 1915). 
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The amouiit of yellow berry has been noted to vary for different 
seasons in the same locality. During 4 years the per cent ranged from 
4.3 to 25 in Nebraska; none to 42 per cent was recorded for different 
varieties in Colorado in 1913; while as high as 80 per cent has been 
reported for Turkey in Oregon. 

Grains affected with yellow berry show three pronounced deviations 
from the normal: (1) a modification of the structure and contents of the 
endosperm; (2) weight and specific gravity below normal glassy grains of 
the same variety; and (3) a reduced protein content. 

The vacuoles are larger and more numerous in yellow-berry endo- 
sperm than in normal flinty endosperm and the starch grtoules are 
larger, according to Lyon and Keyser (1905), while Roberts (1919) claims 


Fig. 31 . — Dijigrams showing the varying amounts of starchy and flinty endosperm in 

“yellow berry’" of wheat. 

that the starch grains of flinty kernels are larger. Analyses have shown 
that yellow-berry kernels contain a higher per cent of starch, varying 
from 1 to 4 per cent. The normal berries have a much greater strength 
than yellow berries, as indicated by crushing tests. The difference in 
weight is not great and conflicting results have been obtained: 2.596 
grams for 100 yellow-berry kernels and 2.74 grams for 100 hard kernels^ 
an average of 0.0291 gram for yellow berry and 0.0287 gram for hard 
(Roberts, 1919). 

The results of thirty analyses made of flinty and starchy kernels selected from 
the same sample of wheat show a difference of approximately 2 per cent of crude 
protein in favor of the flinty berries (Headden, 1915). 

Yellow berry is an important trouble, since its presence lowers the 
grade or quality of wheat due to the gtoerally accepted belief that the 
presence of the starchy grains lowers the quality of flour that can be pro- 
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duced. For this reason wheat showing yellow berry sells at a lower price 
than the hard, flinty wheats higher in gluten. Millers in some sections 
of the country have referred to wheat affected with j’-ellow berry as 
deteriorated wheat, thus expressing a detrimental effect. It has been 
claimed that yellow berry reduces not only quality but quantity of flour 
because of greater mechanical difiiculties in freeing the bran from the 
floury portions of the starchy grains. 

Etiology.— Since the first reports of this trouble various explanations 
have been offered for its occurrence. The principal causes which h;n-o 
been suggested are: (1) climatic factors operating upon the grain while 
in the chaff, either during the last part of the ripening period or after 
cutting; (2) hereditary tendencies operating independent of environment ; 
(3) disturbed nutrition due to unfavorable water or soil relation.s. Boliey 
thought the trouble was due to the action of air, moisture and .sun ujjon 
the grain, and that consequently it could be largely prevented by proper 
care in harvesting and curing. Lyon and Keyser (1905) attached con- 
siderable importance to seasonal variations affecting the time of ri}X'ning 
and concluded that yellow berry increased in amount as the ripene.<s of 
the grain increased and also as the length of time of the exposure of f la^ 
cut grain to the weather was increased, but they' also state that “a soil 
rich in nitrogen and a hot, dry, growing season are, other things being 
equal, less likely to produce yellow berries even under unfavorable 
conditions.” 

Roberts and Freeman (1908) and Roberts (1919) showed that date of 
seeding affected the amount of yellow berry by affecting the date of 
ripening, the highest per cent of starchy grains appearing in the Intel' 
maturing grain. They also suggested (1908) that : 

Heredity is a strong factor in determining the occurrence of yellow berry in 
wheat and that pure varieties could probably’- be isolated that u-ould produce 
little or no yeUow berry. 

Later (1919) Roberts concluded from his field tests that : 

The operation of common causes for the production of yellow berry nvi'r- 
shadowed any differences that may have been due to hereditary tciulcucic,-', ami 
precludes a definite statement regarding the relation of hereditary tendencies in 
hard winter wheats towards the production of yellow berry. 

It has been claimed by some that excessive amounts of moisture (‘ithcr 
from natural precipitation or from irrigation increase the amount of 
yellow berry, but this has not been substantiated by tests. licadden 
(1915) found no appreciable effect of increased irrigation up to 3 acnyfcct 
on either physical properties or chemical composition of the wheat. It i» 
also interesting to note that yellow berry was as prevalent on wheat plots 
which had received 16 loads of well-rotted manure to the acre as on plots 
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which received no manure. In numerous tests carried out during several 
years by Headden (1915) the application of sodic nitrate to the soil either 
prevented yellow berry entirely or greatly reduced it in amount, while the 
use of a potash fertilizer produced a marked increase in the per cent of 
starchy grains. This behavior may be illustrated by the following figures 
showing per cent of yellow berry in three varieties: 



Nitrogen, 
per cent 

Potassium, 1 
per cent ^ 

Check, 
per cent 

Defiance^ — 1913. 

0 

30 

24 

Defiance — 1914 

0 

63 

S6 ■;"> 

Red Fife-— 1913 . 

0 

42 

'■ ,31 

Red Fife-— 1914.. . ............. 

24' 

1 m 

98 

Kubanka — 1913 

0 

' S7 

■''."31,'' 

Kubanka — 1914 . ...................... 

23 

96 

97 



From these and other results the conclusion was drawn that the 
determinative factor in the production of yellow berry in wheat is the 
ratio between available nitrogen (nitric nitrogen) and the available 
potassium. If this is the correct explanation it would seem that the 
lowering of the nitrogen content through cropping, without using methods 
to restore the proper nitrate balance is the most important factor in the 
production of yellow berry. The effect of available nitrogen on the per 
cent of yellow berry is shown by the results obtained in dry-farming dis- 
tricts of the Pacific Northwest. In Oregon and Washington early-plowed 
summer fallow has given little or no yellow berry, while later-plowed 
summer fallow has produced wheat with a high per cent of the trouble. 
In the early-plowed land conditions are more favorable for the work of 
the nitrifying bacteria, and consequently the amount of available nitrogen 
is increased and the per cent of yellow berry is correspondingly decreased. 

Prevention. — In the light of present information it seems that the 
most reliable method of preventing yellow berry or reducing it in amount 
is by following a cropping system or adopting cultural practices wliich 
w^ill keep up the available supply of nitrogen. Although the application 
of sodic nitrate in amounts of 40 to 80 pounds per acre is a certain pre- 
ventative at least under certain conditions, its use in general wheat 
farming \¥Ould probably not be justified. The following practices may be 
followed with profit not only from the benefit to be derived from the 
reduction in yellow berry but also from the effect on general maintenance 
of fertility and increase in yields: (1) the rotation of crops with the 
inclusion of a legume preceding wheat whenever possible, the exact rota- 
tion to be varied for different regions; (2) the use of summer fallow in 
regions in wdiich legumes cannot be successfully grown, giving special 
attention to early plowing and sufficient cultivation to provide the con- 
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ditions favorable for the activities of the nitrifying organianis 
of the soil. 
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POTASH HUNGER 

General Effects.— Some plants require a larger . amount of a„vaiiahlt^ 

potash than others in order that they may function normally. This is 
notably true of those crops which are manufacturing and storing largi^ 
quantities of carbohydrate reserves. The large <|iiantities of |K>t.ash 
fertilizers used in certain sections is evidence of tlie beneficial effects th* 
increased potash. The general effects of shortage of potash may far 
noted: (1) a reduced photosynthetic activity and conseciiuaitly u retarded 
or dwarfed growth of storage organs, such as fleshy roots or tubers, or in 
cereal crops the development of vegetative structures at the eypensi* oi 
the grains; (2) in woody plants a suppressed or weak deveIo|)ment uf 
terminal shoots which may end in a 'Mieback,^^ as has been sliown for 
both wild species and cultivated fruits; (3) the appearance of ytdlmvish. 
brownish or whitish spots in leaves at first near the margin and later more 
general if the shortage continues and is pronounced; (4) the later bligid iiig 
of the foliage and premature death if the shortage is not relieved, it has 
been shown that the amount of stored carbohydrates, such as sugars and 
starches, is in direct proportion to the amount of available |K)tash. This 
will explain the weak shoot development of woody plants suffering from 
potash hunger, since the cellulose which must be fomied in the construe* - 
tion of new organs is also a carbohydrate. While diebaek may l>e the emi 
result of a potash shortage, it should be remembered tliat various other 
factors may bring about a similar result. The effect of potash shortage 
can be demonstrated by’ growipg,modIings in a potaah-free Bubstmtiim. 
After the reserve' ^carbohydmte hm been used up no more can be eon* 
structed and growth ceg^esy=-but; .the addition of a |iotiiss!iiiii salt 


DEFICIENCIES OF FOOD MATERIALS IN THE SOIL 69 

carbohydrate manufacture is resumed and growth continues. It may 
be noted that in nitrogen or phosphorus shortage the plant generally 
completes its vegetative period with the production of all organs^ vegeta- 
tive and reproductive, although it remains dwarfed, while in potash 
shortage the plant reaches nearer a normal size, but blossom and fruit 
production are either decreased or inhibited and a premature death is 
the likely end result. 

it has also been shown that the addition of potash fertilizers to soils 
increases their water-holding capacity beyond that of the same soil with- 
out the addition of potash. This being true, a soil short in potash might 
increase the chances of drought injury. It has been reported that root 
crops which are suffering from shortage of potash are less resistant to 
decay during rainy periods and that they wilt more readily during hot 
weather. On this basis one of the values of a potash fertilizer may be the 
increased resistance to parasitic inroads. 

Potash Hunger of Potatoes. — In some important potato sections it has 
been a regular practice to use a potash fertilizer. About 1916, as a 
result of the cutting off of the German supply of potash, a large amount of 
no-potash fertilizer was used in Maine, Connecticut and other eastern 
potato sections (Schreiner, 1917; Clinton, 1919; Morse, 1920). At that 
time a “new disease^’ made its appearance which was at first attrib- 
uted to a fungous invasion, but was later shown to be due to the omission 
of the potash from the fertilizer. The symptoms and effects of this 
trouble were: (1) a changeof color of the plants during July from a normal 
healthy green to a peculiar bronze or yellow; (2) the wilting and 
drooping of the leaflets while the stems stood erect; (3) the drooping and 
wilting of plants normally green, the stem not having suflacient strength 
to stand erect; (4) the appearance of discolored areas on various parts of 
the stems; (5) the formation of a dry, discolored, spongy area involving 
the stem at about the surface of the ground; and (6) the premature death 
which always followed these symptoms. This trouble seemed to be most 
in evidence on the poorer soils or on those which had been heavily cropped, 
with insufficient attention to the use of fertilizers during the preceding 
years, while in regions in which potash fertilizers had been very generally 
used for other crops, such as tobacco, the disease was less in evidence. 
It was also pointed out that the lack of moisture had an important bearing 
on this trouble, apparently aggravating its severity. This is in keeping 
with the general principle that potash shortage increases the severity of 
drought injury. It was the experience that even small amounts of potash 
in the fertilizer, or the application of relatively small amounts of stable 
manure in addition to the regular fertilizer devoid of potash, were sulE- 
cient to prevent this “new disease.^' 

Potash Hunger of Tobacco*— The attempts to grow tobacco in 
certain soils without the use of a potash fertilizer have also given rise to 
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marked symptoms of potash starvation. The plants are more or less 
stunted, the leaves puckered or with an uneven surface due to the differ- 
ence in the rate of growth of the veins and the intercostal areas. The 
peripheral growth is retarded and, as a consequence, the margins of the 
leaves and especially the tips curve down'ward, giving the condition which 
the farmer calls ''rimbound.'' The affected leaves are also discolored, a 
chlorosis beginning at the tips and margins of the leaves and ad\’aiicing 
inward and downward ; the lower leaves show this discoloration first. 

Chlorosis due to potash hunger is promptly followed by the appearance of 
small dead spots in the affected portions of the leaf. As the malady progresses 
large areas of the leaf die, especially along the margins, which frequently become 
ragged and torn (see Sand Drown, Garner et al., 1923). 

This’phase of potash hunger is popularly called ^Tinifire.^' In potash 
hunger the chlorotic portions of the leaves have a dull-yellow color with 
a bronze or copper overcast much the same as in the potato that is 
deprived of potash, while in severe cases the green portions of the leaf art* 
a darker shade of green than normal. This trouble is not to be confused 
with frenching, in which the chlorotic foliage is defornietl, the leavc‘s 
characteristically narrowed, thickened and increased in numbers, so that 
such names as shoestring, strap leaves, sword leaves or rosette^ liavo been 
suggested (Johnson, 1924). For the distinctions between potash liungtu' 
and other chlorotic diseases see the consideration of sand drown (p. opu 
If the potash hunger of tobacco is noted in its early stage, redief may be 
obtained by the application of a readily available potash salt between t lie 
rows of the crop. 
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CHAPTER IV 


DISEASES DUE TO EXCESSES OF SOLUBLE SALTS IN 

THE SOIL 

In the previous chapter it was pointed out that our crop plants 
require ten different chemical elements in order that they may make a 
normal or thrifty development. Seven of these elements are furnished 
from soil compounds, and mingled with these essential food materials are 
various non-essential materials. 

Natural and Acquired Excesses. — Either food materials furnishing 
essential elements, or compounds consisting of unessential elements or 
even containing toxic elements may be present in excessive quantities in 
the soil. It may be assumed that for each crop there is an optimum con- 
centration of each kind of available food material at which the best 
growth is maintained, and that, beyond this optimum, conditions become 
less and less favorable until, with a given concentration, disturbances 
result which may be expressed in the appearance of symptoms of disease, 
which with maximum concentrations may lead to death. If we consider 
the origin of our soils, it must be at once apparent that many native or 
residual soils in their virgin state may contain excesses, which may inhibit 
or retard growth or even in spots entirely exclude all forms of plant 
life. In addition to the natural excesses, the composition of land under 
cultivation may be modified by our agricultural practices, such as irriga- 
tion, cultivation or the use of fertilizers, so that natural excesses may be 
increased or new excesses introduced. 

General Effects of Soil Excesses or Ovemutrition. — Surpluses of 
available food materials are very frequently accompanied by an abun- 
dance of soil moisture and the type of growth may be influenced by both 
the nutrients and the water supply. Certain types of growth are, 
liowever, directly traceable to overnourishment, the first effect of which 
is to be seen in an increased vegetative development, a deeper green than 
normal, more succulent tissues and a retardation or suppression of repro- 
ductive functions. Such overstimulated plants are frequently more 
sensitive to unfavorable climatic factors and fall an easier prey to some 
parasitic invaders. General overnutrition leading to an excessive accu- 
mulation of plastic substances in the plant in proportion to their utiliza- 
tion may lead to pronounced morphological changes. Among these 
changes may be mentioned phyllody, or the transformation of floral organs 
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into leaf-like structures; petalody] or the transformation of calyx bracts 
into petals; pistillody, or the change of stamens into carpels; abnonnal 
proliferaMony as illustrated by rose-kings/^ sprouted pears, doubling of 
Composite blossoms and secondary heads of Composits;/asc?ai2on, or the 
flattening or banding of cylindrical organs; and spiralisni (see Symptoms 
of Disease, p. 51). It should be pointed out that this excessive acciimula- 
tion of plastic food materials is not always the result of overnoiirishment, 
but other factors may influence the utilization of plastic materials and 
lead to similar responses. 

Special Surpluses. — The occurrence of specified surpluses in vliicli 
some particular food element or compound, or toxic elements or com- 
pounds, lead to injuries may be noted. The essential chemic^al elements 
most likely to occur in excess are nitrogen and calcium and less fre(|uent!y 
magnesium, potassium and phosphorus. Two surpluses of special impor- 
tance are alkali j or the excessive accumulation of soluble salts (see Alkali 
Injury) characteristic of arid or semiarid regions, and soil acidity, a rather 
indefinite soil condition, common in humid regions, that is generally 
corrected by the addition of lime. Renewed emphasis has recently l)een 
given to the fact that “infertility in soils may as well be due to tlie pres- 
ence of organic substances of biological origin inimical to proper |;)Iant 
development as to the absence of beneficial elements ^'(Sclireiner, 1023). 
These toxic compounds are not to be looked upon as excretions from nor- 
mal roots but appear to be produced under abnormal soil conditions or 
are formed from the decomposition of crop residues under the influence of 
soil organisms. Non-essential elements may be either inert or toxity; 
in the former case they produce injurious results by chemical interaction, 
in the latter, direct effects upon the living substance. Sp<»cnal menti<m 
may be made of the injuries resulting from cropping certain soils high in 
manganese (see Lime and Manganese Chlorosis). Recent experieiu*es 
have emphasized the extreme toxicity of the element boron to our culti- 
vated plants (see Borax Injury). 

Effects of an Excess of Nitrogen. — Nitrogen is probably the mcjst 
active of the essential food elements in contributing to general ove^rnotuish- 
ment of plants. Under natural conditions nitrogen is rarely pres<uit in 
sufficient quantity to cause injury to our crop plants, but tli«^ amount 
may be increased to the danger point by certain farm-cropping pnmtiveH 
or by the addition of excessive quantities of nitrogen-containing fertilizera* 
The injurious effects of too much nitrogen are well summarizet! by Lyon 
and Buckman (1922) : 

1. It may delay maturity by encouraging vegetative growth. Thk ohm 
endangers the crop to frost, or may cause trees to winter badly. 

2. It may weaken the straw and mme lodging in grain. This is clue to an 
extreme lengthening of the internodes,'and, as the head fills, the stem is no kiiipr 
able to support the increased weighL . : 
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3. It may lower quality. This is especially noticeable in certain grains and 
fruits, as barley and peaches. The shipping qualities of fruits and vegetables 
are also impaired. 

4. It may decrease resistance to disease. This is probably due to a change in 
the physiological resistance within the plant, and also to a thinning of the cell 
wail, allowing a more ready infection from without. 

It should be pointed out that the lodging of grain is not the direct 
result of high nitrogen content of the soil, but rather of the shading of 



Fig. 32. — Niter burning of apple leaves. {Drawn after Headden, Colo. Bui. 155 .) 

plants brought about by denser growth, the lack of light being the more 
important factor in inducing a weak mechanical structure. An 
amount of nitrogen that may give poor results with a cereal crop may give 
the highest yields and best quality for certain other crops like many of 
our garden vegetables. 

The desire of gardeners or florists to obtain maximum growth often 
leads to the excessive use of nitrogenous fertilizers, either compost or 
commercial products. In case of high concentrations the symptoms may 
resemble those of alkali injury, namely, retardation of growth, chlorosis 
of foliage, followed by burning or browning and a brown, rusty or corroded 
condition of the root system. The above symptoms appeared in a cul- 
ture of sweet peas in which the amount of available nitrogen was ten 
times that of a rich soil of the same type. Excessive use of nitrogen 
fertilizers may lead to gummosis and dieback in citrus or stone fruits, or 
under certain soil conditions the selection of an unsuitable nitrogen ferti- 
lizer may be responsible for the injury, rather than the excessive quantity 
applied. It is stated by Floyd (1917) that: 

Perhaps most of the cases of dieback, which have been classed as acute, can 
be attributed to the effect of ammonia fertilizers added to the soil Of the 
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different organic sources of ammonia, cottonseed meal and tankage are considered 
in practice to be more active in bringing on the disease. 

Brief mention may be made of the so-called "niter poisoning” of 
apples in Colorado which is attributed to a surplus of soluble nitrates in 
clean, cultivated orchards (Headden, 1910; Leach, 1921) due to pro- 
nounced activity of the nitrifying bacteria. In this case the margins of 
the leaves first showed a browning or burning. 



Fia, 33» — A niter spot, {After Headden^ Colo. Bid. 155,) 


Lime or Manganese Chlorosis. — It has long been known that certain 
plants, when grown on calcareous soils, develop a sickly chlorotic foliage. 
Some plants are much more sensitive to the presence of e-vceasivo (juanti- 
ties of calcium carbonate (lime) than others, and the injuriou.s effect. of 
the excessive quantities of lime are more pronounced in some soils Ilian 
in others. Chlorosis of cultivated plants or of native vegetation is not 
uncommon in the cretaceous soils of the southern Mi,ssissi[)pi Mdicy, 
Special attention has been given to lime chlorosis of specific crop.s in 
certain regions. Grapes, especially American varieties, have suffered 
from chlorosis in the vineyards of France. The leaves anti slmots are a 
yellowish green instead of normal green, the leaves remain smaller than 
normal, the wood does not mature properly and the entire nutrition 
suffers. Analyses of some soils in which grapes showed the above 
symptoms gave 18.93 per cent of lime, while soil producing normal %'incs 
contained only 1.81 per cent (Graebner, 1921). 

The effect of calcareous soils on the culture of pineapples has }kh>h 
studied especially in Porto Rico (Gile, 1911). The plants at different 
stages or under different conditions showed extreme chlorosis or only 
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moderate effects. Sometimes they were almost ivory white, in other 
cases yellowish white with streaks of red and green, while in others the 
new hearts might be creamy white and the outer leaves a light green. 
Plants showing the extreme type of chlorosis developed brown lesions and 
finally decayed. It was found that ordinary sandy soils containing as 
little as 2 per cent of calcium carbonate were unsuitable for pineapples, 
but that '‘soils composed principally of organic matter may contain 
about 40 per cent of calcium carbonate and still produce vigorous plants.’^ 
A similar chlorosis of sugar cane has also been noted in Porto Rico, 
(Gile and Carrero, 1918). 

Pineapples have also been seriously affected on the black manganese 
soils of the Hawaiian Islands. The principal symptoms are a retarded 
growth, yellowing of the leaves and stunted red or pink fruits, which 
often crack open and decay. These manganese soils are also toxic to 
other cultivated crops, such as corn, pigeon pea, etc., while the guava 
and various weeds are uninjured. The chlorotic plants are always low 
in iron, w^hile the unaffected plants contain a normal amount of iron 
int^^ir ash (Johnson, 1916, 1924). 

ijj>^^%hile the above cases of chlorosis have occurred on soils normally 
liigh in lime or manganese, injury to citrus trees has been reported by 
the application of ground limestone (Floyd, 1917) as a corrective for soil 
acidity. ■ • ' ■ ' ' 

The injury to the citrus trees is characterized by a frenching of the foliage, a 
partial defoliation, the presence of multiple buds on the defoliated terminal 
branches, a bushy, someAvhat rosette-like growth of the terminal branches and 
a dying back of the branches. 

On the same soils, the seedlings of cover crops showed mottling of 
their foliage, a poor growth and early death. The affected groves were 
all on dry sandj^ lands, lacking in humus. The usual application of lime 
was 1 to 2 tons per acre, wRile sometimes a larger amount was used or a 
number of successive applications were made. 

The chlorosis of coniferous seedlings has been a serious problem in a 
number of nurseries, especially those operated by the Forest Service at 
Morton, Neb., and Pocatello, Idaho. The yellowing affects the young 
leaves first, but all the foliage may become chlorotic. 

In serious cases the leaves are short, inclined to curl, and are less turgid than 
normal leaves (as a consequence of lack of sugars and, therefore, low osmotic 
pressure), Tlie terminal bud either fails to develop or is dwarfed and usually 
ahnormaily light in color. The height and diameter of the stem, the length of 
tlie roots and espedaliy the ability to form fibrous lateral roots also appear to 
suffer in typical eases of chlorosis. The disease may occur in patches, or isolated 
yellow plants may occur. In severe cases death ensues, the parts first discolored 
being the first to die (Korstian et al., 4921). .. 
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It was. also noted that the diseased seedlings, although growing less 
vigorously than normal, continued growth later in the season and were, 
therefore, more susceptible to winter injury. 

Chlorosis on calcareous or manganiferous soils is now generalK* atti’ih- 
uted to an iron starvation. These soils are not deficient in iron, but in 
lime chlorosis the excess of lime changes the iron compounds to insoluble' 
colloidal iron which cannot be utilized by the plant or in the mangani- 
ferous soils to the much more difficultly available ferric form. This is the 
explanation given for all of the above cases with the possible exception of 
the frenching of citrus trees under the influence of gi-ound lime-stom*. 
This explanation seems plausible, since it has been shown that the normal 
green color may be restored and growth renewed by spraying the affected 
plants with iron sulphate. Such treatment has proved eommereiallj* 
feasible for the prevention of chlorosis of pineapples on manganiferou.s 
soils in Hawaii, the use of about 10 pounds per acre at intervals of 2 to 4 
months being effective (Johnson, 1916). Spraying with a 1 per cent 
solution of ferrous sulphate has been adopted as a part of the regular 
nursery practice in several of the Forest Service nurseries, which is con- 
vincing evidence of the effectiveness of the treatment (Kor-stian d «/.. 
1921). Recent studies of pineapple chlorosis on manganiferou.s s<,!il,« 
have led to the conclusion (McGeorge, 1923) that the injury is the result 
of a greater assimilation of lime due to excess of manganc.se anti to tlu* 
greater immobility of the iron in the plant due to the excessive lime 
content in leaves and stems. 

Malnutrition Due to Soil Acidity. — Acidity as applied to the soil imii- 
cates a condition that can generally be corrected by the addition of lime. 
Soils may be acid, neutral or alkaline in the reaction, and it is well known 
that the acidity of the soil has a marked effect upon the character and 
distribution of native vegetation (Wherry, 1920) as well as causing mal- 
nutrition in some cultivated plants which are subjecetd to a soil reaedion 
to which they are unsuited. Of our cultivated plants some require an 
acid soil for their best development, others are simply acid tolerant, Ixnng 
able to make a very good growth in acid soils, while others are unabh* to 
adjust themselves to acid conditions, and if planted in such an environ- 
ment either make a sickly growth or succumb. 

The origin of soils and the climatic factors to which they arc subjected 
influence their reaction under natural conditions. Thus in some environ- 
ments soils are generally acid, while in others acid soils are rare. Farm 
practices, such as growing cover crops, or the extensive use of commercial 
fertilizers, may greatly modify or increase soil acidity. In certain very 
pronounced cases of injury from aril acidity, the unfavorable condition 
has been produced by the yearly tro of fertilizers which have gradually 
increased the soil acidity until it has become a limiting factor in the 
growth of some crops that once flqterWted in the same soils (Harter, 1900). 
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While the exact response of acid-sensitive plants will vary with the 
species and with the kind of soil acidity, the general effects are quite 
similar. The first effect with moderate acidity will he reta/rded growth 
and pallor or less intense green than normal, which if the unfavorable 
conditions continue may become more pronounced. Foliage may 
heGome mottled f showing lighter green areas between the veins, or the 
chlorosis may become diffuse or general. Such affected plants may 
weaken and die prematurely or growth may be resumed if rains modify 
the acidity later in the season. Roots of affected plants make a poor 
development, and many of the lateral feeders may be repeatedly killed 
back. It is a significant fact that certain soil organisms are distinctly 
favored by acid conditions, for example, the pathogene of club root of 
cabbage. 

The injurious effects of acid soils may be accounted for in a number of 
different ways: (1) by unfavorable H-ion concentrations; (2) by the 
direct effects of toxic elements, such as aluminum or magnesium, which 
appear to occur in the active form when the soil reaction or H-ion con- 
centration is beyond neutrality; or (3) by the non-availability of certain 
essential nutrients or their reduction in amount, or the elimination or 
suppression of the supporting or auxiliary action of nutrients, so that 
normal absorption does not take place. It must be evident, then, that 
soil acidity is a rather complex phenomenon and that the injuries which 
result are not due to any single factor. 
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BORAX INJURY / 

It has long been known that the element boron is widely distributed in 
soils and is found in small quantities in the ash of plants. 

Historical Statement.— This element when present in small quantities has liemt 
reported to exert a stimulating effect on plant growth, acting as a catalyzer ra t Iht than 
as a plastic ash constituent (Agulhon, 1910), but certain injurious emahs wtu*e lioled 
when larger quantities were available for absorption (Cook, 1916; Cook and 'Wilson, 
1917, 1918). This more recent impetus to the study of the effect of Inmni on plant 
growth was due to the tests of borax (sodium salt of tetraboric nvid) and calcined vole- 
manite (calcium salt of boric acid) as larvacides for the killing of house flies in lan-se 
manure. The studies were made to determine the effect of such tn*at<‘d manure 
plant growth, and it was shown, to cause injury if used in large arnoinds. 

Boron is not present in ordinary soils in sufficient amount to ctiuse- injury, Imt it 
has been shown that borax may be introduced with impure commercial fernllz(U’s in 
sufficient amount to cause serious crop injury. The first report of this injurious effect 
of borax in fertilizers was by Conner (1918), who reported serious injury to corn hy a 
fertilizer which contained 1.92 per cent of this salt. It was soon found that the )urcc 
of the trouble was the potash salts from a single American locality, Searh?s I.ake, 
California, which had been put upon the market when the war excluded the standrsrd 
German salts. The injury from this Searles Lake potash when iiset! on various peffash- 
deficient soils in a number of states led to investigations by other state and Federal 
workers (Morse, 1920; Plummer and Wolf, 1920; Schreiner H al, 1920U SpeeicJ 
attention was given to the effect on potatoes, tobacco, cotton and corn uruhu fii*id 
conditions, and in greenhouse cultures. Later studies were concerned with the above 
crops and also with beans (Neller and Morse, 1921; Skinner et- aL 1023). 

Symptoms and Effects.— The behavior of plants subjectocl to tin* 
action of borax varies with the concentration of this salt and with the .‘«oil 
and moisture conditions. The principal effects are as follows: (1. 
retardation or prevention of germination; (2) death of plants or .stunting 
so as to give imperfect and uneven stands, with much variation in the 
size of plants of the same agey both tops and roots being affected ; (;i . 
absence of normal color marked by the bleaching or yellowing of nor- 
mally green parts, especially the margin and tips of leaves, followed by tip 
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burn in the more severe types of injury; (4) reduced growth and prema- 
ture ripening with lessened yields. The injury may vary from slight 
disturbances which are largely outgrown to complete failure of a crop 
when large amounts of borax are applied. 

On Potofoes.— The first evidence of injury in the field is “missing 
hills ” and stunted plants, with but few that approach the normal in size 
and color. The foliage characters of affected plants were as follows: 


Fig. 34. — Borax injury of potatoes. A, potato field showing injury due to use of a 
ash fertilizer carrying 33 pounds of borax per ton. A no-potash fertilizer used on field 
the background ; B, potato seed pieces from apparently missing hills, showing ’ 


potash fertilizer carrying 33 pounds of borax per ton. A no-potash 
in the background; B, potato seed pieces from apparently missing 
stages of borax injury. {Taken from U, S, DepL Agr, Circ. 84.) 


There was considerable yellowing of the leaves, more particularly of the 
margins. This was the most prominent on the more dwarfed and more severely 
injured plants. The yellowing was of a bright golden color, and not the pale, 
sickly yellowing usually present in- plants that are normally or prematurely 
ripening (Morse, 1920). 

In milder cases, the yellow is confined to the very narrow bands at 
the leaf margins, and this may be the only indication of injury in plants 
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that are not stunted. Under certain conditions these symptoms may 
disappear or be masked by the growth of the plants. I he injury to 
parts below ground was variable and consisted of brown stem lesions ^ 
complete cutting off of stems, browning and killing of roots, and burning 
and corrosion of the cut surfaces of the seed pieces, the effects much 
resembling Rhizoctonia attacks. 

According to Morse (1920): 

Numerous cases have been reported where yields were not over half or one- 
third of a normal crop and some of the more severely injured fields would hardly 
produce a sufficient crop to pay the cost of harvesting. 

On Corn , — The presence of borax may cause delay in germination 
and distorted and bleached plants, or in severe cases the stalk may cease 
growing and wither after the young plant has pushed through the soil. 
In still more serious cases the seedling lacks the vitality to push above 
the soil and withers and dies. The injury is during germination and 
early growth and the bleaching will vary with the conditions and the 
amount of borax present in the soil. The amount of discoloration will 
vary from slight to almost complete bleaching, and affected leaves may 
be uniformly discolored or they may be banded or streaked with white or 
yellow. Discoloration may be followed by tip burn or complete wilting 
without recovery, or, under more favorable conditions, plants showing 
the trouble when young may recover and make a grow^th that is nearly 
normal. The amount of actual injury has varied. When heavy rains 
followed the application of the borax (5 to 10 pounds per acre), there was 
an increase of both stover and ears, while the same quantities under drier 
conditions caused very pronounced decreases in yield. 

On Cotton . — Borax may cause the death of young seedlings or they 
may be stunted and show a weak slender growth. The death of young 
plants and the retardation of growth of others may give a poor stand and 
an uneven growth. 

The seedlings which have not made sufficient growth to put out the first 
pair of true leaves may remain with no apparent growth for 2 or 3 weeks, then 
dead areas may appear between the veins and along the margins of the cotyledons 
or seed leaves. These cotyledons at length become dry and the plant perishes 
(Plummer and Wolf, 1920). 

Plants less severely injured may show yellowing of the foliage, a 
stunted growth, cup-shaped leaves, an early shedding of the lower leaves, 
earlier maturity of the entire plant and very much reduced yields. 
Affected plants develop fewer and shorter roots than normal plants. 

On Tobacco. Heavy applications of borax (15 pounds or more per 
acre) to plant beds either inhibit germination or produce yellowish-white, 
dwarfed plants. Transplants to fields fertilized with borax-containing 
fertihzers may die within a few d^^^ and those 
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>,“Boras: injury of com. A, plat to which no borax was applied; i?, plat receiving 
30 pounds of borax per acre. (After 27. S> Dept Agr. But 1126.) 
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. . which survive either fail to “grow off” or remain stunted in both top and 
root. When affected plants start to grow, the lower leaves are paler green than 
normal, and are also thicker and less broad. The tissues most distant from the 
principal veins are palest and may become dead and dry. The leaf margins and 
tips are rolled downward and at length become “rimbound.” The roots of plants 
which are severely stunted tend to be densely clustered near the end of the main 
root and are all short and fibrous (Plummer and Wolf,’ 1920). 

Those less injured may have a second group of roots near the surface of 
the soO, with few intermediate roots. ‘ ‘ Firing ’ ’ of the leaves rather than 
normal ripening is characteristic of affected plants as they approach 
maturity. Both quantity and quality of the product are affected. 

On Beans . — This crop is especially sensitive to borax, even 4 pounds 
to the acre causing severe injury. The most severely injured seedlings 
failed to break through the soil, while others which did come up were 
chlorotic from the start and the cotyledons did not emerge from the seed 
coats. In plants which did become established, 

. . . the injuries due to borax appeared first on the margins of the fii’st two 
leaves, particularly the tips. In the larger borax applications the entire leaf 
soon turned yellow, then white, followed by a killing of the tissues which pro- 
gressed from the margins inward. New leaves either failed to appear or were 
much stunted and almost devoid of chlorophyll (Neller and Morse, 1921). 

When seedlings came in contact with the fertilizer the tap root was 
killed, and in older plants the root tips of laterals were also killed. WTth 
increasing amount of borax there was a corresponding decrease in the root 
systems and more browned and killed laterals. Even with only 5 pound.s 
of borax per acre, reductions in dry weight to the extent of 40 ijer cent 
were suffered, while complete failure resulted with the higher applicatioms 
(20 pounds). I 

Etiological Considera®ns. — It has been shown by both field and 
pot cultures that boraj^. small amounts either alone or when mixed 
with fertilizers will cax^ injury to many crop plants, the amount of 
injury depending on tl^nanner of application, the crop concerned, the 
amount of the poison applied and the actual concentration of this in the 
soil water. In practically all cases tested, injury has been greatest when 
the borax or the borax-containing fertilizer was applied in the drill row, 
ra,ther than broadcasted. This variation may be illustrated by Ireams, 
with 3 pounds per acre as the toxic limit when put in the drills, or .5 poumis 
per acre when broadcast. It has also been shown that there is less 
injury to potatoes from equivalent amounts of borax when the fertilizer 
is applied in the furrow some, time previous to planting rather than at 
the time of planting. Borax injury is more pronounced in sandy t.ba.n in 
clayey soils. 
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The presence of iron and aluminum in clay soils, and the ability of borax to 
form insoluble compounds with these elements, especially under certain condi- 
tions, may in part account for the differences which appear in these two soil 
types. It is believed, however, the phenomenon of colloidal absorption is an 
important factor in accounting for the tolerance of plants to larger amounts 
of borax on clay soils (Plummer and Wolf, 1920). 

Greenhouse tests and field observations have shown that the injury 
from borax is affected by the amount of soil moisture. When heavy 
rains follow immediately after planting, the danger of injury is much 
lessened due to the leaching action of the soil water. In controlled tests 
it was shown that given amounts of borax which were toxic toward 
germination and growth in soil held at a 30 per cent moisture content 
were more toxic in soil containing half as much water (Neller and Morse, 
1921). The leaching of borax by rains has an important action in pre- 
venting the residual effect of this compound. It has been shown by 
planting tests that the toxic effect does not persist to the next season, and 
the recovery of plants as the season advances may also be due to the 
leaching out of the borax. 

The toxic limit for wheat is 2 to 3 pounds of borax per acre, for beans 
3 pounds, for potatoes 5 pounds, for cotton 8 to 9 pounds. These quanti- 
ties are small compared with the amounts of arsenic or copper which such 
plants will endure. The poisonous action of borax must be due to the 
element boron which it contains. A number of theories have been 
advanced to explain the toxic action of boron: (1) that it is antizymotic, 
that is, that it prevents the formation and action of enzymes or ferments 
which are vital to the process of germination and growth; (2) that it 
interferes with the translocation of carbohydrate food by forming chemi- 
cal union with sugars and related compounds; and (3) that it interferes 
with the formation of chlorophyll by withholding iron from the tissues, 
and so induces chlorosis. Whatever its mode of action, it is certain that 
minute quantities of boron exert a profound influence upon the nutritive 
processes and the regeneration of the chlorophyll. 

Prevention of Borax Injury. — Since impure fertilizers are the source 
of borax in sufficient concentration to cause crop injury, protection lies 
in the use of fertilizers which have been purified or in which the borax 
content is below the danger point for the amount of fertilizer that is 
ordinarily used per acre. The past experiences have resulted in com- 
mercial concerns giving greater attention to putting pure, high-grade 
products on the market. 
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ALKALI IR JURY 

When one thinks of alkali in its relation to natural vegetation or to 
crop production, a picture is presented of barren soil either devoid of 
plant life or supporting only a sparse and dwarfed plant cover. This 
picture represents the extreme of the alkali effect, which in many crises 
may be only slightly in evidence. As a purely chemical concept the word 
^'alkali'' refers to substances having a basic reaction, but as applied to 
soils and the growth of some plants it refers to the natural accumulation 
of soluble salts in such concentration as to cause injury. The very 
substances which constitute the alkali salts may stimulate growth when 
present in the form of dilute solutions. It is then the concentration of 
these salts, rather than the kind or quality, that is primarily responsible 
for deleterious effects of alkali soils. 

The Composition of Alkali. — Soils that are alkali may include the 
chlorides, sulphates, carbonates, bicarbonates, phosphates and nitrates 
of the common bases, sodium, calcium, potassium, magnesium and some- 
times ammonia. The actual constituents in a given locality are, however, 
variable, but the three principal ingredients are: sodium chloride, or 
common salt; sulphate of soda, or Glauber's salt; and the carbonate of 
soda, or sal soda. The chloride and sulphate of sodium and other bases 
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"Alfalfa being killed by alkali brought to the surface by a rising water table, 
(Photograph by F, J. SieDers,) 
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may become concentrated at the surface of the soil and produce a whitish 
incrustation, characteristic of what is sometimes called ^Svhite alkalid^ 
These alkali spots are especially noticeable in semiarid lands and become 
most conspicuous during the dry periods. The carbonates of the bases, 
but especially the carbonate of soda, are capable of dissolving the organic 
matter of the soil, and the solution and the surface accumulations are 
dark, hence the popular name of “black alkali.^' Both white and black 
alkali are injurious to vegetation but the latter is much more destructive, 
as would be expected from the nature of its action on soil humus. 

Symptoms and Effects of Alkali. — The effects of alkali will vary 
according to the concentration and kind of the salts present and the 
resistance or tolerance of the plant to alkali salts. It seems to hold true 


that most of our valuable crop plants are rather sensitive to alkali, and 
so refuse to grow in soils that sometimes support a conspicuous cover of 
native alkali-resistant plants. 

The first effect of alkali that may be noted is the prevention of 
germination of seeds. In strong alkali soils seeds may remain dormant, 
since the physiological processes of germination cannot be initiated. 
Such seed will frequently grow when removed from the alkali soil to 
conditions of moisture and temperature that favor germination. In 
soils with less alkali, germination may be very greatly retarded and the 
young plants make a sickly, slender growth, marked by chlorosis and 
early death without reaching flower and fruit production. In more 
resistant plants or in less concentrated alkali the growth may be retarded 
and chlorosis may be manifest, but the crop may reach fruiting maturity, 
sometimes with burning of the foliage as the season advances. The 
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general effects upon the plant and upon its producing power are quite 
comparable to drought injury. It should be understood that many other 
environmental factors besides alkali may cause chlorosis of the foliage, 
such as excess of lime, shortage of magnesium, low temperatures, etc., but 
a careful study of the soil conditions and surrounding vegetation will 
generally yield a reliable diagnosis. It may also be noted that some plants 
may suffer from alkali without the warning symptom of chlorosis, the 
first marked evidence being a wilting of the foliage. The above con- 
siderations apply especially to annuals or herbaceous perennials. 

Shade trees or orchard trees may be planted in soils with a relatively 
high content of alkali salts, and make a good growth for a tune until the 
alkali becomes more concentrated at the surface. The effect on estab- 
lished trees is a retarded growth and more or less chlorosis. In some 


Fig. 37. — An alkali spot. Note the absence of a plant cover, (After Harris.) 


cases the foliage may become a brilliant golden yellow. In fruit trees, 
such as apples, apricots, etc., the trees may be dwarfed, the foliage scanty 
and the new shoots short with few small leaves. Such trees may survive 
for a period of years in this weakened condition or, with increase in the 
concentration of the alkali, they may succumb. The burning or blight- 
ing of leaves at the tip or margin is not an uncommon symptom of alkali 
injury and these symptoms may be followed by premature fall. The 
gradual accumulation of the salts at the surface of the soil may cause a 
corrosion of the bark at thb crown, resulting, in extreme cases, in a 
girdling which interrupts the downward movement of elaborated food to 
the root system. The general effects will then be very similar to the crown 
or collar rot due to winter injury, and one set of conditions may supple- 
ment or aggravate the other. - This corrosive action of alkali at the 
surface of the ground is most evident in the case of black alkali, but 
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generally of minor importance in contrast with the general interference 
with the nutrition. 

Plants that have become adjusted to saline conditions have undergone 
pronounced structural modifications, and it has been shown that these 
changes of structure are very similar to those adopted by xerophytic or 
drought-resisting vegetation, that is, they are designed to diminish the 
evaporation or transpiration. Some of these xerophytic modifications 
are: 

Diminution in size of leaves, assumption of cylindrical or spinous forms, sink- 
ing in of the breathing pores below the outer surface, dense hairy covering, resin- 
ous exudations, etc. Internally we find that xerophile plants have developed 
on their upper or outer leaf surfaces, instead of one, several layers of palisade 
cells (Hilgard, 1906). 

When our crop plants are forced to endure alkali some modifications 
of structure result. Harter (1908) found that wheat, oats and barley 
grown in saline solutions developed a conspicuous bloom or waxy cover- 
ing on the leaves, a thicker cuticle and external epidermal walls, and 
smaller epidermal cells. If our crop plants could modify their structure 
more rapidly under the influence of alkali they might be more resistant. 

Etiological Considerations.— Alkali causes injury to our crop plants 
in a number of ways : (1 ) by the reduction of, or the prevention of, absorp- 
tion; (2) by a reduction of transpiration; (3) by toxic action upon the 
living cells; (4) by interference with the chlorophyll apparatus and the 
process of photosynthesis; (5) by corrosive action upon roots or stems in 
contact with the concentrated solutions, especially sodium carbonate; and 
(6) indirectly by affecting the physical properties of soils and their 
biological activities. 

Seeds fail to germinate in strong alkali because they do not imbibe or 
absorb the necessary moisture. 

It may be said, roughly speaking, that the absorption of water by the roots 
begins to diminish so soon as the concentration of the saline solution approaches 
or exceeds one-half of 1 per cent; while, when it rises as high as 3 per cent, water 
absorption ceases by the roots even in the wettest soils, and the plants suffer 
from drought quite as much as from any directly injurious effects of the salts 
(Hfigard, 1906). 


The total amount of the salts found in alkali lands varies from 0.1 to 
3 per cent of the weight of the soil taken to a depth of 4 feet, so we may 
^ note that the concentration of the soil water may be such as to retard or 

' prevent absorption. If the cell sap of the root cells is more concentrated 

or has a higher osmotic value than the soil water, there will be a movement 
of water into the cells, but when the concentration within and without 
the cells begins to be equalized, absorption is gradually retarded, until, 
with a greater concentration of osmotically active solutes outside of the 
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ccllj water is actually withdrawn and the protoplasm contracts from the 
cell wall. This plasmolysis of the cell would be the final effect of strong 
alkali, and such plasmolyzed cells die unless the osmotic balance is soon 
restored. 

It has been shown by certain tests that minute quantities of alkali 
salts stimulate transpiration,, but when they are present in sufficient 
quantities to bring about modifications of structure, transpiration is 
much retarded, and consequently growth is less. 

According to Harris (1915): 

The anion, or acid radical, and not the cation, or basic radical, determines 
the toxicity of alkali salts in the soil. Of the acid radicals used, chloride was 
decidedly the most toxic, while sodium was the most toxic base. 

The opposite condition, namely the greater influence of the cation, was 
found for solution cultures by Kearney and Cameron (1902). Many 
experiments have shown the toxic action of single salts when present in 
solution cultures and the reduction of this toxicity by the presence of 
other elements. These same salts are not of necessity toxic when added 
in the same quantity to soil. The results obtained by Harris (1915) were 
based on soil cultures to which the different salts were added. He gives 
the following order of toxicity for soluble salts in the soil: 

Sodium chloride, calcium chloride, potassium chloride, sodium nitrate, 
magnesium chloride, potassium nitrate, magnesium nitrate, sodium carbonate, 
potassium carbonate, sodium sulphate, potassium sulphate and magnesium 
sulphate. The injurious action of the alkali salts is not in all eases proportional 
to the osmotic pressure of the salts. 

Judging from the frequency with which chlorosis is the result of 
alkali, the retardation or slowing up of the photosynthetic activities 
should receive more emphasis as a phase of alkali injury. 

Alkali salts affect crop growth indirectly by modifying the phy»sical 
properties of the soil The first effect to be noted is the puddling of the 
soil or deflocculating the particles, producing a compact condition which 
prevents the rapid rise of water, while the more active condition is seen 
in the firm, hard crusts which form on the surface of the soil, thus afford- 
ing mechanical interference with plant growth. 

Under the surface of many soils in the arid regions, particularly in sections 
of abundant alkali, a hard layer is found which obstructs the penetration of both 
roots and water. Hardpans are not always caused by alkali, but are more 
likely to be formed if it is present (Harris, 1920). 

Alkali soils have a marked effect upon the life and activities of soil 
organisms, especially the mtrif;^ngmd nitrogen-fixing bacteria, decreasing 
their activities. It is still soinewlmt uncertain just how much importance 
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should be attached to the modification of the biological activities of the 
soil by the presence of alkali. 

Resistance to Alkali. — There are great variations in the tolerance of 
plants to alkali, some being able to grow in excessive alkali (above 1.5 
per cent), while others are barely able to grow in weak alkali (0 to 0.4 per 
cent). This variability is well illustrated by the following list showing 
the plants that are likely to succeed in various concentrations : 

Excessive alkali (above 1.5 per cent) — Salt bushes and salt grasses. 

Very strong alkali (1.0 to 1.5 per cent) — Date palm and pomegranate bushes. 

Strong alkali (0.8 to 1 per cent) — Sugar beets, western wheat grass, awniess bromc 
grass and tail meadow oat grass. 

Medium-strong alkali (0.6 to 0.8 per cent) — Meadow fescue, Italian rye grass, 
slender wheat grass, foxtail millet, rape, kale, sorgho and barley for hay. 

Medium alkali (0.4 to 0.6 per cent) — Red top, timothy, orchard grass, cotton, 
asparagus, wheat and oats for hay, rye and barley. 

Weak alkali (0.0 to 0.4 per cent) — Wheat, emmer and oats for grain, kafir, milo, 
proso millet, alfalfa, field peas, vetches, horse beans and sweet clover (Kearney, 1911). 

The relative resistance of some of the common crops in the seedling 
stage is given by Harris (1915) in the following order: barley, oats, wheat, 
alfalfa, sugar beets, corn and Canada field peas. 

Fruit crops also show great variation in their tolerance to alkali, and 
some varieties of a given fruit may show pronounced differences in resist- 
ance to alkali injury (Kelly and Thomas, 1920). Grapes are listed as 
the most tolerant to alkali, being able to withstand soils containing 45,760 
pounds total alkali per acre (surface 4 feet), while the highest amount 
endured by the mulberry without injury was 5740 pounds per acre. The 
comparative resistance to total alkali consisting of Glauber's salt, sal 
soda and common salt has been given in the following order: grapes, 
olives, almonds, figs, oranges, pears, apples, prunes, peaches, apricots, 
lemons and mulberry (Loughridge, 1901). 

Prevention of Alkali Injury. — Alkali accumulation is characteristic 
of semiarid lands in which the high evaporation brings the alkali salts 
to the surface, while there is not sufficient precipitation to redistribute 
them in the soil. Irrigation favors the surface accumulation of alkali 
in semiarid regions, since alkali previously well distributed in the soil 
may be brought to the surface with the rise of capillary water and left as 
a surface incrustation when the moisture evaporates. This is what is 
known as the ^^rise of alkali." 

No single practice will handle the difficulties encountered in cropping 
alkali lands. It may be noted first that lands favoring alkali injury need 
heavier irrigation than lands in which there is no alkali problem. Also 
that irrigation water carrying much alkali must be used more copiously 
than purer water. The principal methods of handling alkali lands so as 
to prevent crop injury or to reduce it to a minimum are as follows: 
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1. The use of alkali-resistant or alkali- tolerant crops. 

2. The adoption of cultural practices that will keep the alkali well 
distributed in the soil or retard or delay its accumulation at the surface. 
The most important practices are those which retard evaporation, of 
which the following may be mentioned: (a) cultivation to keep a surface 
soil mulch; (6) the use of a surface mulch of manure, straw, leaves or 
sand; (c) the establishment of a crop cover that will shade the soil. 

3. The burying of the surface soil by deep plowing. 

4. The lowering of the water table. 

The above are, in the main, methods designed for lessening the injury 
in lands that are moderately alkali. When the alkali accumulation is 
excessive, the actual removal of the salts from the soil or their transforma- 
tion into less injurious forms are of most value. Several different practices 
have been recommended, some of which are of only minor importance. 
Eemoval of the surface alkali by scraping or brushing from the 
surface is rarely practical. Removal by cropping to a heavy alkali 
feeder like sugar beets has been recommended for lands showing medium- 
strong alkali to fit them for a more sensitive crop. The most important 
practices for alkali removal or transformation are: (1) underdrainage 
alone or supplemented by flooding and leaching ; (2) diking and flooding 
to a depth of several inches, followed by surface drainage of the water and 
dissolved salts; (3) the neutralization of the sodium carbonate or “black 
alkali” by the addition of gypsum, which results in the formation of 
calcium carbonate and sodium sulphate, thus changing the alkali to a 
much less harmful salt. The use of the gpysum will also facilitate drain- 
age and reduce the loss of organic matter, when flooding or underdrainage 
are practiced. Some other chemical treatments have also been sug- 
gested, such as the application of elemental sulphur (Hibbard, 1921) or 
small amounts of sulphuric acid. The danger of removing plant food 
materials as well as the alkali salts, or the creation of detrimental ratios 
of essential elements as a result of flooding or leaching, and thus rendering 
lands unproductive for a period, has recently been given added emphasis 
(Greaves et al, 1923). 
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CHAPTER V 


DISEASES DUE TO UNFAVORABLE WATER RELATIONS 

Before considering the ways in which a disturbed water relation may 
affect the growth and production of crop plants, a brief outline of the 
function of water in the life of plants may be presented. 

The Function of Water.^ — The uses of water are as follows: (1) It 
serves as the solvent f or ^ and vehicle of, transport of food mid food matmals 
from the soil into the plant and from cell to cell throughout the plant 
body and thus constitutes 80 to 90 per cent by weight of the active plant 
cell (2) It serves as one of the crude materials (water plus carbon 
dioxide) in the process of carbohydrate food manufacture, or photosynthe- 
sis , by all green plants. It thus furnishes the hydrogen and oxygen of 
sugars and starches which are later used for food, and also takes part in 
other necessary chemical processes, such as the hydrolysis of the complex 
foods like carbohydrates, proteids and fats. (3) It makes possible the 
maintenance of turgidity or a hydrostatic pressure within living cells, a 
condition which is necessary for, or essential to, growth. (4) It supplies 
transpiration or evaporation, the loss of water through aerial parts, and 
thus promotes and regulates growth. Water loss by transpiration is a 
measure of growth and the accumulation of dry matter in our plants. 
The internal structure and the external form of plants may be pro- 
foundly altered by the variations in the water relations either by the soil 
moisture or the humidity of the air. A detailed consideration of such 
alteration would carry us into the province of plant physiology and ecol- 
ogy, but it must be evident that excesses of water or dearth of water will 
so affect nutritive or other physiological processes as to produce either 
disease or death of cells, tissues, organs or entire individuals. 

General Effects of a Disturbed Water Relation, — The demands of our 
crop plants for water are exceedingly variable, and even certain varieties 
of a species may be much more sensitive to moisture fluctuations than 
others, A plant may be provided with too much water, or too little 
water or it may not be available at the right time. The health of a 
plant is affected by the moisture supply of both its soil and air environ- 
ment, and the amount needed for a normal or thrifty development is 
influenced by various environmental factors, such as temperature, sun- 
shine and physical properties of the soil. The effects of a water shortage 
will vary in the case of sudden and acute shortage or in chronic deficiency 
of water throughout ^ iQBg period. The first marked response to a pro- 
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nounced water shortage is wilting, the drooping of succulent shoots and 
the rolling of leaves. The loss of water faster than it can be brought up 
from the root system decreases the turgor of the cells, and the structures, 
normally tense or rigid, become limp and flaccid. Thm physiological 
wilting is a common sight on a hot summer day, but the wilted structures 
again become rigid during the night or when evaporation is retarded, and 
thus growth proceeds with only temporary checks. Marked water 
shortage will result in retardation of growth and dwarfing. Moisture 
deficiency is rarely operating as a single factor, since high temperatures 
and intense sunshine are frequent accompaniments. A plentiful water 
supply stimulates growth and results in the production of succulent tis- 
sues as contrasted to the firmer structures of plants supplied with moder- 
ate amounts of moisture. 

Effect of Moisture Deficiency. — If the shortage of moisture is not 
relieved, drought response in foliage is marked by yellowing, reddening or 
other discolorations followed by leaf fall in woody plants. In plants 
suffering from drought, dead brown areas may appear in the intercostal 
areas of leaves, in the center of areolae of these areas or the leaves may be 
blighted or burned at the margins or tips. It should be remembered that 
other factors, such as toxic substances acting internally or externally or 
intense light and heat, may give rise to somewhat similar symptoms. 

Moisture shortage by its interference with nutritive processes may 
lessen the production and storage of reserve food. Tuber or root crops 
will remain small and cereals will produce shriveled grains. Fruits may 
be spotted, deformed or under normal in size, or they may slirivel and 
fall prematurely. In woody plants, drought injury may not be evident 
entirely during the season of low moisture, but the effect may be delayed 
until the next season,, when weak shoots may be formed or twigs or 
branches die back, producing staghead or dieback. 

The transplanting of herbaceous plants or of nursery trees frequently 
causes a disturbance in the water relations that may result in either death 
or a retarded growth. If herbaceous seedlings are grown in the moist 
atmosphere of a greenhouse, hot bed or cold frame, the cuticle is delicate, 
the external epidermal wall thin and the tissues in general poorly suited 
to withstand the rapid transpiration of a dry air. Hence if such plants 
are suddenly transplanted to the field, they may wilt so rapidly that death 
will result. If the root system is broken or mutilated, the danger of 
injury is greatly increased. The reduction of loss in transplanting may 
be accomplished by: (1) the hardening of plants by gradually subject- 
ing them to conditions which approximate those of the field, rather than 
by a sudden change; (2) care in preventing the mutilation of the root 
system or also by cutting back the top or removing leaves to bring about 
a balance between transpiration and absorption until the root system 
can provide the necessary water; or (3) the protection of the transplanted 
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plants from the direct rays of the sun or from the force of the wind so as 
to retard transpiration until the plants have become established. 
Because they are not able to adjust themselves to the new conditions, 
many delicate plants of the greenhouse, if moved to the dry air of living 
rooms without being hardened, may wilt, drop their leaves and even 
succumb. 

Some Effects of Excess Moisture. — The injurious effect of water- 
logged soils has been pointed out (see Chap. VI on Diseases Due to 
Improper Air Relations), and the importance of soil oxygen in the life of 
our crop plants emphasized. It has been shown that, in addition to the 
phenomena of yellowing and decompositions connected with an oversup- 
ply of water in the soil, there is an actual decrease in production. Recent 
attention has been directed to the fact that any effect on the plant 
resulting from driving out the soil oxygen or the prevention of aeration, 
may be due to either the lack of the oxygen or the excess of carbon 
dioxide which cannot be carried away (Knight, 1924) acting directly on 
the plant or on the soil organisms. It is significant that water cultures 
of corn failed to respond to aeration of the nutrient solution. 

An abundant water supply produces a type of growth that is more 
susceptible to the inroads of either bacterial or fungous pathogenes (see 
Fire Blight) and is more sensitive to extremes of heat or cold. This may 
be illustrated by the sw &cald of the potato. When a period of warm 
rain, which checks evaporation and supplies abundant w-ater, is followed 
by a period of high temperature and bright sunshine, the leaf tissues 
which are suffused with water are frequently injured, and a sudden blight- 
ing of leaflets or portions of leaflets results. This condition is sometimes 
mistaken for the invasion of a parasite. The same temperature and 
illumination would have no injurious effect on tissue having a normal 
water relation. 

The greater delicacy of the cell walls in plant structures provided 
with an abundance of water and the increased rate of growth frequently 
result in the rupture of fleshy organs, such as fleshy roots, tubers, stems 
or fruits. 

All of these phenomena have characteristics in common — that they are ini- 
fciated only when, after a considerable period of normal development, or still 
more after a previous dry period, an unusual supply of water is given siuldenly 
(Sorauer and Dorrance, 1914). 

This behavior is well illustrated by the cracking of carrots, kohlrabi, 
beets, turnips, potatoes and even some herbaceous stems. In the potato 
the rupture is frequently internal and then the condition Imown as 
''hollow heart'' results, in which a central cavity is formed, bordered by 
brown, oxidized tissue. Hollow heart is most frequent in potatoes w^hich 
have been stimulated to an excessive growth by abundant moisture, as 
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is frequently the case in irrigation farming. The rupturing of nearly 
mature, soft-skinned fruits, such as cherries, plums or tomatoes, when a 
rain follows a rather prolonged dry period is a fairly common phenom- 
enon. These troubles have been proved to result from high sap pressure 
due to excessive water supply. 

The knot-like or pustule-like enlargements on various organs, such as 
stems, leaves or fruits, produced as a result of the enlargement of groups 
of cells, are known as intumescences, while more extended swollen areas 
in which similar tissue changes have taken place are characteristic of the 
disease known as dropsy or oedema. A similar trouble of the tomato has 
been described in some detail by Atkinson (1893), who came to the con- 
clusion that too much water in the soil was one of the causes, although 
insufficient light and improper temperature relations were favoring 
factors. Many theories have been proposed to explain the formation of 
intumescences and similar deviations from the normal development, but 
these cannot be given a detailed discussion. Suffice it to say for our 
present purposes that they represent a disturbed nutrition of the cells 
in which the cell walls remain relatively thin and the cells become dis- 
tended with cell sap, frequently reaching many times their natural size. 
It may also be noted that intumescences have been produced experi- 
mentally by either chemical or mechanical stimulation (Smith, 1920). 
The phenomenon of bitten or perforated leaves, in which leaves are very 
much shredded, torn or perforated by irregular openings, is closely related 
to the formation of ^'intumescentia’’ from the standpoint of origin. The 
production of enlarged lenticels in potatoes or other underground organs, 
as the result of excessive moisture, is also similar to the formation of 
intumescences. The so-called ‘ ^ tan disease may also be mentioned in 
this connection. The bark of either roots or aerial portions becomes more 
or less swollen in either localized or extended patches, and the outermost 
cork layers break or peel away. The surface beneath the blisters may 
show a whitish granular or even wooly appearance due to large numbers 
of loosely arranged cells, many of which may become more or less elon- 
gated. These loosely arranged cells die and then, under dry conditions, 
appear as a dry, reddish-yellow, brownish-yellow or brown powder which 
may easily be brushed off. This condition may be induced on the apple 
by severe heading back to prevent transpiration at a time when root 
absorption is active. A somewhat similar type of cell formation is 
responsible for the woolly streaks in the cores of certain apples, and the 
tendency to form such streaks may be especially pronounced in particular 
varieties. 

The fall of leaves, the shedding of blossoms, the dropping of fruits or the 
casting of twigs may sometimes result from a disturbed water relation, 
either an excessive supply, a shortage or abrupt fluctuations, although 
various other nutritional disturbances may play a prominent part. 
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Such troubles as June drop of fruits, failure of fruits, like grapes, to set, 
or later their shelling, the blossom drop of tomatoes and the shedding of 
cotton squares or bolls may be mentioned in this connection. Although 
there are many factors that play a part in reducing the set of fruit, exces- 
sive rains and prolonged humid conditions at blossoming time play an 
important r61e. Aside from the indirect effects of such conditions on the 
nutrition of the plant, rain washes pollen down to the ground, restricts 
either wind or insect pollination, causes pollen grains to burst and also 
washes away stigmatic secretions which promote the germination of the 
pollen grains. 
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BITTER PIT 


Of the several spot diseases of the apple, the widespread trouble 
characterized by the appearance of circular or slightly irregular depressed 
spots on the surface of the fruit and also by internal necrotic areas, and 
known most generally as bitter pit, is the most important. At various 
times it has been described under a number of other common names, 
such as fruit spot, apple brown spot, spotted apples, Baldwin spot and 
fruit pit by English and American writers, as “Stippen,” “Stippflecke,” 
“Stippigwerden” or “Stippigfle^feigkeit’* by the Germans, and as 
“Liege” or “Points bruns de la chair’Lby the French. 
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Spot Diseases in General. — Bitter pit has not alwa^^s been clearly 
differentiated from the other non-parasitic spot diseases of the apple. 
The most important of this group of troubles and their distinguishing 
characters are as folio ws: 

1. Superficial, circular or subcircular, depressed spots and 
internal necrotic areas. 

2. Spot Necrosis or Drought Spot. — ^Large, irregular, water-soaked 
spots generally located towards the calyx end, which later become 
depressed and show a shallow layer of dead brown tissue below the spot. 

3. Cork and its modifications, known under such names as blister, 
malformation, dry rot, York spot, punky disease, crinkle and hollow 
apple. Internal dry, punky patches of tissue, much more extensive than 
in bitter pit and with or without external malformations in the form of 
depressions or ridges. Hollows may be formed in larger dry-rot areas 
by shrinkage of affected tissue. The disease may appear with or without 
reduction in size, depending on severity. In blister the surface is first 
covered with brown, more or less circular, raised spots, which may later 
crack and scale off, leaving the surface rough. 

4. Jonathan Spot. — Circular depressed spots, minute to 34 or 
slightly more in diameter, always centering at lenticels, with a shallow 
area of necrotic tissue, but no internal necrotic areas as in bitter pit. 
Common on the Jonathan but not confined to that variety. 

5. Jonathan Frec&Ze.— Circular areas of discolored tissue up to 34 li^ch 
in diameter, only skin deep and not becoming depressed. Appears only 
in storage. 

6. Scald. — Brownish discolorations of the skin involving rather 
extended areas, especially on the lighter cheek, sometimes followed later 
by internal discolorations of the pulp (common scald) or subcircular or 
irregular elongated areas of brown tissue having much the appearance of 
a fungous rot (soft scald). Appears only in storage (see more complete 
account, p. 121). 

7. Stigmonose. — This name is applied to the abnormal fruit conditions 
resulting from the feeding or egg-laying punctures of certain insects, by 
which the fruit is spotted, pitted, malformed and sometimes reduced in 
size. Due to rosy aphis, red bugs, thrips, leaf hoppers, etc. 

In much of the earlier American literature bitter pit and the parasitic 
fruit spot (Phoma po7ni Pass.) were confused. This fungous disease of 
the eastern states was first clearly differentiated from bitter pit by 
Brooks (1908). 

History and Geographic Distribution of Bitter Pit. — This disease was first recog- 
nized in Germany in 1869 and the name “Stippen’’ has been used more frequently 
than any other, being given to the trouble by Y^ortman (1892). It was recorded 
as fruit spot by Jones, as early as 1891 in Vermont, and later as brown spot and 
Baldwin spot. It was first referred to as spotted, apples by Crawford in his study 
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of apple troubles in Soutb Australia, published in 1886. The earliest report from 
England was in 1905, the trouble being described as the apple brown spot. Bitter pit, 
the name now in most general use, was first applied by Cobb (1895), who studied the 
disease in New South Wales. ' The disease was the subject of study by Evans in South 
Africa in 1909, but the most extensive studies were begun in Australia in 1911 as the 
final outcome of an agitation that was started by the National Fruit Growers Confer- 
ence of Australasia in 1908. By the combined support of the Federal Government 
and the several states of the Commonwealth, the investigation of the bitter-pit prob- 
lem was assigned to MeAlpine, and five extensive reports (1911-1912 to 1915-1916) 
were issued. Following the first reports of the disease in the United States it received 
frequent mention by Experiment Station w^oitsers, but little information was con- 
tributed beyond the description of symptoms and effects, the recognition of its 
non-parasitic origin and theorizing as to possible cause. Delay in emphasizing the 
investigation of bitter pit in the United States w^as due partly to the presence of 
numerous parasitic diseases which absorbed the energies of Experiment Station 
workers, and partly because in the earlier years there was not so great a demand for 
high-grade fruit. The development of the irrigated orchards of the West and the 
emphasis on the production of extra fancy fruit for eastern markets and foreign ship- 
ment have brought the bitter-pit problem to the attention of our orcliardists and have 
been a stimulus to more recent work. The problem w^as given special attention by 
the Federal Office of Fruit Disease Investigations and several reports have been 
issued by Brooks and Fisher ( 1916 , 1918 ) based largely on the work of Fisher in the 
important Wenatchee district of Washington. These reports have becui valuable 
contributions to our knowledge of the spot diseases in general and have given new 
light on the etiology and control of bitter pit. 

Although there is no available proof of the fact, it seems probable that bitter pit 
has affected the apple from the time when it began to be generally cultivated. Tliis 
may be inferred from the physiological nature of the trouble. It is certain that the 
disease w^as recognized in Europe long before any definite name was e^^er applied to it. 
At the present time bitter pitas recognized as a disease of apples wherever tlmy are 
grown. It is not, however, prevalent to the same extent in all commercial apple 
districts, but seems to be more frequent and severe in those localities in which there are 
the greatest chances for a disturbed water relation of the growing crop. Bitter pit, 
therefore, is of most concern in irrigated districts where the normal conditions arc 
semiarid and where the water supply is a variable and fluctuating factor. Even under 
natural conditions, certain localities, from their normal soil and climatic relations, may 
favor the trouble. It is sometimes stated that growing the apple where nature never 
intended it to grow has increased the amount of bitter pit. This will probably explain 
why it has been most severe in certain parts of America and Australia. 

Symptoms and EiBEects.' — Bitter pit is a disease that is confined entirely 
to the fruit. The trouble may be very severe on trees which appear to 
be in prime health if judged by vigor of growth and luxuriance of foliage. 
The disease does not make its appearance until after the fruit is half 
grown, and generally is not evident until the fruit is approaching matu- 
rity. In many cases it does not appear on the fruit previous to harvest- 
ing, but becomes evident later, generally during the early part of the 
storage period. 

The first external evidence of the disease is the appearance of slightly 
discolored spots on the skin of the fruit, darker red in red fruits and a 
deeper green on the yellow-skinned fruits. At first these spots are not 
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depressed but soon they become more or less sunken and assume the 
character of typical bitter-pit lesions. Such spots are more or less circular 
and vary in size from minute specks to others inch or more in diameter 
and appear like dents in the skin. They are not localized on any particu- 
lar part of the fruit but are likely to be most numerous towards the calyx 
endj and even in the most severe cases are absent from a small area around 
the stem. Two or more pits standing adjacent may be confluent and so 
give rise to larger and more irregular lesions. The coloration of the skin 
as noted for the young spots persists for some time in the pits, but finally 
the depressions become brown due to the death of both surface cells and 



Fig. 38. — Bitter pit of apple, {After McAl^im,) 


underlying pulp tissue. The skin lining the pits remains unbroken 
throughout the course of the disease. 

When an affected apple is cut in two, it is generally found to show 
internal groups or masses of brown necrotic pulp cells which show no 
connection with the external pits and the necrotic tissue Just beneath 
them. The internal necrotic areas are generally most numerous in the 
peripheral portion of the pulp, but they may occur at any point outside 
the core wall. It is frequently noted that the fruits which show' no 
external marks of the disease are already affected internally. This can 
readily be demonstrated by cutting into apparently normal fruits in lots 
that show a good percentage of evident pitting. Thus we may find 
abundant surface pitting and few internal necrotic spots, internal lesions 
with no external pits, or the lesions may be abundant both on the surface 
and in the interior. 

The pulp or flesh directly beneath a pit as well as the discolored spots 
in the interior consist of a mass of dead brown cells, dry and more or 


100 


MANUAL OF PLANT DISEASES 


less corky or spongy in character. At first the dead tissue is a light 
brown but later it becomes a darker brown. The tissue of the lesions 
generally has either a slight or very pronounced bitter taste, so that this 
character coupled with the pit-like depressions makes the name “bitter 
pit” especially appropriate. Although other non-parasitic spot diseases 
resemble the bitter pit and certain parasitic spots like the New England 
fruit spot appear somewhat similar, when one really becomes familiar 
with bitter pit, it is not likely to be mistaken for any of the other troubles. 

Bitter pit may vary greatly in its severity and the damage which it 
causes. Apples may show only a few small spots or the lesions may be 
as numerous as the pits on the face of a person who has suffered a severe 


Fio. 30.- 



-Section of an apple allowing bitter pit and also moldy core. 


( After iV c/1 1 pine. ) 

attack of smallpox. Such names as “measles” or “smallpox” have 

tliey have never been generally 
adopted. The affected apples are not destroyed but they are of poor 

fiomltsTff T “ appearance. The disease is of special concern 

m its effect upon grade or pack, especially when so much attention i.s 
lemg paid to the production of extra fancy fruit. A crop showing bitter 
pi a picking time is likely to suffer deterioration during storage even 

frS?Bnr^“^J command the price of the best 

truit. Bot-producmg fungi sometimes establish themselves in old bitter- 
pt lesions and thus invade the fruit when normal fruits would escape 
No accurate estimates of the actual losses from bitter pit are available 
ut It IS certain that the disease is of world-wide importance and is ta-lring 

a very considerable annual toll. ‘ s caiong 
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Etiology.— Although bitter pit bears certain resemblances to a 
parasitic trouble, it has been definitely proved that no organism is asso- 
ciated with it in a causal capacity. It is now very generally conceded 
that it is a non-parasitic malady associated with a disturbed wafer relation. 
In the light of present information, it is a disease of definite and pro- 
nounced symptoms, just as truly a disease as though caused by a specific 
pathogene; hence the statement of Lewis (1915) may be viewed with 
surprise that ^^there is some question whether it is a true disease, it seem- 
ingly having more of the characteristics of a physiological breakdown. 

Even after bacteria, fungi, insects, mechanical injuries, degeneration 
from old age, varietal peculiarity and unfavorable grafting were excluded 


Fig. 40 . — Late stage of bitter pit on nhode Island Greening apple. {After Brooks and 

Fisher.) 


as causes of bitter pit, some untenable theories persisted. The one 
which received the most emphasis was the poison theory of White (1911) 
and Ewart (1912 and later). It was at first suggested that the absorption 
of arsenical compounds or other spray materials through the skin of the 
apple was responsible for the killing of localized groups of cells. This was 
modified later to the view that the toxic substances responsible for the 
killing of the cells were absorbed by the root system and distributed 
through natural channels. This poison theory was held to rather 
tenaciously by its advocates, but it has not been substantiated by other 
workers (McAlpine and coworkers, 1914-1915; Crabill and Thomas, 1916). 

Even with the agreement that bitter pit is due to a disturbed water 
relation, there has been no unanimity as to the exact way in which 
the disturbance operates. While this is a difficult thing to prove, the 
possible origin can be better understood with a clear notion as to the 
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structure and functions of the normal fruit. The fruit, as well as 
the leaves, has its own supply of fibrovascular bundles, along which water 
and mineral substance pass. These water-conducting vessels enter 
through the fruit pedicel and are distributed throughout the pulp, but a 
very large number terminate in the peripheral portion of the fruit. The 
pulp cells occupy the spaces between the vascular network, and the whole 
apple is protected by a suberized and nearly impervious epidermis, 
interrupted only by lenticels through which there may be entrance or 
exodus of gasses and through which aqueous vapor may escape in the 
process of transpiration. Water and mineral substances taken from the 
soil, and carbohydrates manufactured by the leaves, are carried into 
the apple and distributed to the pulp cells. The carbohydrate in the 
growing apple is mostly in the form of starch, but as the fruit ripens this is 
converted into sugar. During the growing period of the fruit, transpira- 
tion is very active and large amounts of w'ater are passed out through the 
lenticels, Just as water is lost from leaves through their stomata. Trans- 
piration is not simple evaporation of moisture but is a physiological proc- 
ess which will be affected by supply of moisture to the root system, air 
humidity, air movements, temperatures, light, etc. There is abundant 
evidence that the tissues of growing fruits may suffer from drought 
injury (drought spot or spot necrosis) when the foliage show's no signs of 
injury. The higher sap pressure of the leaves makes possible the with- 
drawal of water from the fruits under conditions of water shortage. 

An examination of the groups of dead cells in bitter pit wull show that 
they are always closely connected with certain branches of the vascular 
bundles. The individual cells are brown, devoid of sap, more or less 
collapsed but apparently not ruptured, and contain starch grains that 
were not converted into sugar. This presence of starch in the affected 
cells has been taken to indicate that the changes which initiated the 
injury occurred before the ripening processes were completed. It has 
also been definitely proved that bitter-pit lesions, which first make their 
appearance after the fruit is in storage, are always located and the injury' 
started while the fruit is stiU on the tree. It is interesting to note that 
in drought injury to the foliage of a plant, the first tissues to suffer arc 
either at the margin of the leaf or at the termini of veinlets in the areola; 
of the leaf venation in other words, at the ends of the water-conducting 
vessels. ^ This behavior is simulated in the location of the lesions in the 
bitter pit, the surface pits being at the periphery of the water-conducting 
system. 

Four theories^ have been advanced to explain the killing and drying 
out of the affected cells as the result of a disturbed water relation; 

1 It has recently been suggested by Kidd and West that bitter pit may be due to 
localized poisoning from the temporary, accumulation of excesses of carbon dioxide. 
This is based on their studies of brown heart (see reference under Scald). 
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1. The Ruptured-cell Theory, — “When there is an extra rush of sap 
following on dry conditions, the rapidly swelling pulp cells at the external 
boundary burst the vascular network at localized spots, and the sap 
pressure, which is sufficient to rupture the enveloping network, also 
bursts the thin- walled pulp cells at these particular spots and death of 
the cells ensues. Briefly, it may be stated that rapid alternations between 
dry and moist conditions, combined with fluctuating temperatures 
during the growing stages of the fruit, is the exciting cause of bitter pit^^ 
(Me Alpine, 1921). 

Such a condition might be furnished, for example, by active absorp- 
tion by the root system in a warm soil, while the transpiration is checked 
by low night temperatures. 

2. The Crushed-cell Theory.— ^ The affected cells have been killed 
by being crushed by neighboring cells having higher osmotic pressure 
due to their higher proportion of sugar’’ (Herbert, 1921). According 
to this theory if “there is a sudden rush of sap into the apple, the cells 
which had their starch converted into sugar will swell to a greater extent 
and more rapidly than those cells which are still supplied with starch. 
The rapid distension of the cells is resisted on the outside by the skin. 
Their force of expansion results in the crushing of those cells whose 
starch transformation is backward.” 

It is the belief of the exponents of this theory that it is in accord with 
certain recorded facts which are opposed to the ruptured-cell theory as 
follows: (a) the sunken character of the spots; (6) the unbroken skin over 
the bitter-pit lesions; (c) the frequent continuation of vascular bundles 
through a lesion to supply normal tissue beyond; (d) the presence of 
starch in the pit cells; and (c) the great tensile strength of cellulose 
which would make bursting of the cells unlikely. On the basis of this 
theory it is suggested that immunity or resistance to bitter pit might be 
due to a uniform transformation of starch into sugar throughout the fruit. 

3. The Starved-cell Theory, — As a result of water shortage certain 
groups of cells fail to receive sufficient mineral food and thus die from 
starvation. This might explain the disease during very dry seasons, but 
it is not in keeping with the occurrence of the trouble in severe form on 
vigorous trees well supplied with moisture. 

4. The Concentrated Cell-sap Theory. — “In bitter-pit tissue the pulp 
cells have collapsed, and the brown flecks in the flesh contain much less 
water than the neighboring healthy tissue. Owing to this loss of water, 
the acids and other constituents of the cell sap have become concentrated, 
and the amount of concentration reaches a point where death ensues. 
The concentration of the cell sap is, therefore, in all probability, the 
immediate cause, acting directly upon the protoplasm, and it must not 
be forgotten that this concentration is increased by an insufficient supply 
of water as well as by excessive transpiration” (McAlpine, 1914-1915). 
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This theory was later abandoned by McAlpine who placed first 
emphasis on the ruptured-cell theory (1915-1916). 

Predisposing Factors. — Acceptance or rejection of a theory does not 
alter the fact that certain soil or climate factors or cultural practices 
favor or promote the disease. Many observations have been made and 
various opinions are more or less conflicting. Some of the statements 
are: Bitter pit is favored by (1) soils of poor physical or mechanical 
condition, especially those that are low in humus and have a poor water- 
holding capacity; (2) alternating wet and dry w'eather, or very dry con- 
ditions followed by heavy rainfall, especially if this fluctuation comes 
relatively late in the season; (3) by light irrigation during the early part 
of the season and late heavy irrigation; (4) by heavy irrigation through- 
out the season, but less than by the variable light and heavy irriga- 
tion; (5) by light irrigation throughout the season more than by heavy 
irrigation followed by light; (6) by conditions which bring about the 
production of a light crop of large-sized fruit, or of oversized fruit in 
general; (7) by heavy pruning or by a system of pruning which throws 
the fruit production into the main limbs rather than on well-distributed 
laterals; (8) by fluctuating temperatures and humidity near the ripening 
period; (9) by excessive transpiration or by climatic conditions which 
cause a water loss out of keeping with the available supply. When 
conditions, whether natural or artificial, are such as to promote a uniform 
growth from early spring to the ripening period, the chances of bitter pit 
will be reduced to a minimum. 

In stored fruit the disease wall not appear unless it was initiated during 
the growing period, but if the fruit is already affected, the disease will 
progress most rapidly if the storage temperature is relatively high and 
will also be favored by fluctuations in humidity and temperature. In 
other words, it will be favored hy conditions which promote ceil activity 
and retarded by conditions which delay or retard maturing or aging of 
the tissues, hence by low temperatures. It is also stated that in some 
eases at least the disease is worse on early-picked fruit than on %vell- 
matured or late-picked fruit. In some recent studies Heinicke (1921) 
has presented data to show: (1) that the lateral fruits of a cluster are 
more likely to develop bitter pit than the central fruits; (2) that fruits on 
b^al spurs are more affected than those towards the tip of a branch; (3) 
that apples on weak wood are more subject to the disease than those on 
strong branches; (4) that there is a relation between the amount of bitter 
pit at harvest and the seed content of the apple, affected fruits averaging 
lower seed content and more poor seeds; and (5) that new pits which 

first appear m storage are more abundant on the large many-seeded sides 
of unsymmetrical fruits. 

k,, apple is the crop most seriously affected 

by bitter pit, but it is reco^ized a disease of pears and quinces. The 
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different varieties of apples appear to show different degrees of suscepti- 
bility. Some are recognized as uniformly and severely affected, others 
as medium in susceptibility, while others are only slightly susceptible or 
almost immune. According to some reports, varieties very susceptible 
in one locality are reported less susceptible in another region. In North 
America the Baldwin is conceded to be a very susceptible, if not the most 
susceptible, variety, but in some states of Australia it has been reported 
as medium in susceptibility. The Cleopatra (Ortley) and Northern Spy 
pit very badly throughout all the states of Australia, and the latter variety 
is listed as among the most susceptible in America. The Stayman is a 
very susceptible variety, especially in the Pacific Northwest. Probably 
the great majority of our best commercial apples are either very suscep- 
tible or moderately susceptible to the disease, so that little relief can be 
expected from the selection of resistant varieties, but some hope has been 
offered that pitproof varieties of high commercial value may be obtained 
by the crossing and selection of liable and non-liable varieties. 

Control,— The effort of the orchardist must be directed, first, to 
providing growing conditions which will reduce the incidence of the dis- 
ease to a minimum; second, in case the trouble has developed, to the 
retardation of its progress in storage or in transit to market. Experience 
will soon tell whether the disease is sufficiently frequent and serious in 
any environment to call for careful attention to control measures. It 
seems to be true that many of our best sections for commercial production 
are especially favorable for the production of bitter pit; hence in such 
localities the grower must constantly be on guard and follow those 
practices which are known to be of value. The complex character of 
the physiological disturbances which initiate bitter pit make it at once 
evident that no single practice will give adequate protection. The 
following practices should be the guide in so far as they can be put into 
operation: (1) Try to increase the fertility of weak soils by the liberal use 
of manure or by the use of a cover crop suited to the locality; (2) follow 
cultural practices that will tend to conserve moisture or that will insure 
as even a distribution throughout the season as possible, and that keep 
the soil well aerated and thus provide favorable conditions for the nor- 
mal root activities; (3) avoid crowding of trees and overbearing of fruit 
and also guard against light settings of fruit coupled with extra vigorous 
vegetative development; (4) practice a type of pruning that will insure 
a crop that is evenly distributed over the tree, with the retention of the 
laterals for the bearing wood with minimum fruiting on the main axes; 
(5) avoid heavy pruning, as this will throw the root system and top out 
of balance and consequently may modify transpiration and the general 
water relation of the tree; (6) follow a well-planned system of thinning 
of fruit, not too great nor too little, as undersized or oversized fruits are 
more prone to the disease than those of moderate size; (7) in irrigation 
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farming give special attention to the amount of water used and to the 
time of application, avoiding overirrigation or underirrigatioii, and 
especially heavy, late irrigation. The relation of irrigation to bitter pit 
is summarized by Brooks and Fisher (1918) as follows: 

Heavy irrigation throughout the season has given less of the disease than 
medium irrigation followed by heavy, and light irrigation throughout the season 
has resulted in more bitter pit than heavy irrigation followed by light. Heavy 
irrigation the first half of the season caused the trees to develop a more luxuriant 
foliage and probably produced a lower concentration of the cell sap in the apples, 
both of which facts would tend to make the fruit less susceptible to the forcing 
effects of late irrigation. The amount of irrigation in August and September 
has apparently largely determined the amount of the disease. The results as a 
whole point to the harmful effects of heavy late irrigation regardless of the size 
of the fruit. 

With the recognition that bitter pit will become more pronounced 
during the storage period provided the fruit was affected at the time of 
harvest, two courses are open to prevent loss: (1) early marketing to bring 
the fruit to the consumer before the disease has had time to develop to 
serious proportions; or (2) retention of the fruit under transit or storage 
conditions that will prevent any further advance of the trouble. At tem- 
peratures of 30 to 32°F. cell activity is reduced to a minimum and conse- 
quently bitter pit can make little further progress, but fluctuations beyond 
these limits should be prevented. By the proper use of refrigeration it is 
possible to send apples around the world, with little danger of loss from 
bitter pit. 
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THE BLOSSOM-END ROT OF TOMATOES 

The tomato is affected by a serious disease characterized by a dry 
rot of the blossom ends of either green or maturing fruits. In some of 
the earlier studies of the trouble it was described as the rot, black rot, 
fruit rot, point rot, dry rot or dry-weather rot, but blossom-end rot has 
been the name in most general use in recent times. Blossom-end rot is 
preferable to any of the other names since it gives the best expression of 
the nature of the trouble. 

History and Geographic Distribution.- — The first careful study of this tomato 
disease was published by Galloway (1888), who stated that at that time specimens 
had been received from nearly all parts of the United States. From present-day 
knowledge of the disease it seems probable that it must have been prevalent ever since 
the modern varieties of tomatoes have been grown; at least it seems now to be of world- 
wide occurrence. Galloway found two fungi associated with the disease, a species of 
Macrosporium and a Fusarium, but considered the former as the first cause of the rot, 
and the latter as a secondary form which assisted in the disorganization of the fruit. 
Following this time little progress was made in our knowledge of the disease until the 
work of Jones and Grout (1897). Up to this time the conclusions of Galloway had 
been quite generally accepted and spraying tests had been carried out for the control 
of the disease, but Jones and Grout showed that the fungus which frequently accom- 
panied the disease was not a Macrosporium but Altemaria fasciculata^ a widely dis- 


108 


MANUAL OF PLANT DISEASES 

tribii ted saprophyte, which occurred on many kinds of decaying vegetable matter and 
thirt it would not induce the disease when inoculated under the skin of green tomatoes. 

Since the disease did not seem to be due to a specific fungous pathogene, it was but 
natural that investigators should turn to bacteria as the causal agents. Prillieux and 
Delacroix had made such a suggestion as early as 1894, but in 1900 Earle reported 
that ‘'as the result of studies extending over the past 3 years, it has been quite cer- 
tainly proved that the disease is bacterial not fungal, being caused by the growth of an 
undetermined species of Bacillus.’' Stuart (1900) in Indiana had also attributed the 
disease to a similar bacterial parasite. The bacterial origin of the disease was sup- 
ported by the investigations of Elizabeth Smith (1907), but she also concluded 
that a similar rot could be caused by Fusarium solani w^orking independent of any 
other organism. After wmrking wnth the disease for 16 years Stone (1911) stated that 
the work of Miss Smith had been repeatedly verified in his laboratory and greenhouse. 
The fungous origin of the disease was again defended by Oven (1905), who attributed 
it to Fusarium eruhescens. Even as recently as 1913 Groenewege came to the con- 
clusion that the disease is due to a bacterial parasite wdiich he described as new under 
the name of Phytobacfer hjcopersicum. His conclusions, like those of previous workers, 
were based on the results of inoculations. In a careful perusal of the various studies 
which claim a bacterial origin of the disease, the critical reader will note that the 
conclusions were drawm fi’om very incomplete evidences. 

During the progress of these earlier investigations, some scientists had failed to 
accept the conclusions as to the parasitism of any of the associated organisms, holding 
to the view that neither bacteria nor fungi are the causal agents. This view was 
supported by the careful studies of Stuckey (1901), who determined that the blossom- 
end rot is a non-infectious disease, -which “can be controlled, if not entirely prevented, 
by keeping an abundant supply of water in the soil.” These conclusions were corrob- 
orated by the careful work of Brooks (1914), wdio contributed additional data con- 
cerning the etiology of the disease. It is of interest to note that later studies showed 
the transmission of either resistance or susceptibility to blossom-end rot from parent 
to progeny (Stuckey, 1916). As a result of these later investigations it seems to be 
quite generally accepted that the disease is of a non-parasitic character. It has, 
however, been suggested (Reynolds, 1918) that the disea-se “is due to an organism 
probably ultramicroscopic, which infects at pollination time only, and lauises the rot- 
ting area to enlarge until such time as the physiological processes of maturing have 
changed the composition of the fruit so much that further invading of the tomato 
tissue is impossible for the organism.” This must, however, be .regarded purely in 
the light of an hypothesis. 

Symptoms and Effects. — The first evidence of the disease is generally 
the appearance of a dark-green, water-soaked area at the base of, or 
surrounding, the remains of the style. This watery spot is quite similar 
in appearance to water-core spots in apples. The initial area may be 
just around the style or somewhat removed from it or it may cover the 
whole blossom face of the fruit at the same time. This watery area is 
confined to the portion iimnediately under the skin, and does not involve 
the tissues to any great depth even after the lesion has reached some 
size. The affected tissues cease to grow, the dark-green, water-soaked 
area turns to a lead color or brown and the spot becomes flattened or 
even sunken, while its color may be deepened to almost black, although 
there is much variation in the depth of color under different conditions. 



-Blossom-end rot of tomato in well-advanced stage, showing characteristic 
appearance. {After Stuckey.) 


is frequently marked by a narrow darker zone. In some cases a slight 
concentric zonation may appear within the lesion, due to varying shades 
of brown. It is a common thing for the ripening of the diseased fruits to 
begin at the periphery of a lesion and advance towards the stem end. 

The affected tissue is firm and more or less leathery in the typical 
development of the disease, and after it has dried down looks as though 
it had been seared with a hot iron. Except in the case of a very early 
and severe onset of the disease, the fruit will be carried to maturity, but 
the ripening pi'ocesses will be more or less hastened. In slight attacks 
which appear late in the growth of the fruit, there may be no flattening 
of the affected area, which appears more like a scorched or scalded spot. 
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The trouble may appear on very young fruits, although it is frequently 
not much in evidence until they are an inch or more in diameter. The 
lesion may increase in size with the growth of the fruit, but it does not 
advance any after the fruit has turned red. The affected area is gener- 
ally nearly circular in outline and may occupy only a small portion of the 
blossom end, or a maximum of nearly one-half the total surface may be 
involved. The discolored area may be uniform throughout and clearly 
marked off from the surrounding normal tissue, but the advancing edge 
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In the most slight infections the blossom end may be marked by only a 
slight scurfiness under the skin. 

According to Brooks (1914); 

The first effects of the disease are not always superficial. Fruit that appears 
entirely normal from an external view often has the tissue of several, or sometimes 
all, of its placentas collapsed and blackened in the parts nearest the blossom. 
In some cases this internal condition is accompanied by a very inconspicuous 
depression of the surface tissue above it or by a small water-soaked area on the 
surrounding surface. 

Under certain environmental conditions, especially in the more 
humid regions, the normal symptoms of the disease may be modified by 
the entrance of bacteria or saprophytic fungi. The dark color of the 
lesion may be intensified by the presence of a sooty fungus, and the super- 
ficial development of the organism may give a dark velvety appearance 
to the affected portion. It was this condition which suggested the early 
name of “black rot” which was applied to the disease. The lesions may 
sometimes be invaded by bacteria, and a sticky exudate may be in evi- 
dence under moist conditions, somewhat similar in appearance to the 
bacterial exudate so characteristic of fire blight. It was this condition 
which led Earle (1900) to make his studies by which he decided that the 
blossom-end rot was a specific bacterial disease. Various bacteria or 
saprophytic fungi may gain an entrance through the affected tissues and 
complete the destruction of the maturing or ripe fruits. 

Even slightly affected fruits are ruined for market purposes, since the 
trade demands freedom from blemishes. The affected fruits are injured 
for home consumption only, to the extent .that the tissues are blackened 
or rotted, since the balance of fruit is suitable for table use. The losses 
from blossom-end rot may be very slight, while in extreme cases practi- 
cally an entire crop may be ruined. The disease may appear with equal 
severity in the field or under glsA 

Etiology. — The blossom-en^fet of the tomato is a non-infeetious 
disease due to a physiological^Wangement which results in the death 
of the protoplasm of the cells of Mcalized areas within the growing fruits, 
followed by collapse, drying an| discolorations to produce a condition 
quite properly designated as dry rot. Three periods may be recognized 
in which different ideas concerning the nature of the disease prevailed: 
(1) It was believed to be of fungous origin; (2) it was attributed to a 
bacterial parasite, and some proofs were offered which seemed to be 
adequate to the workers of the time; (3) the present-day concept of 
the trouble as a non-parasitic disease induced by the operation of environ- 
mental factors. In the light of present information it seems strange that 
by cultures and experimental tests, able scientists should have convinced 
themselves that the disease was due to either fungi or bacteria. 
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The first really conclusive evidence in support of our present concept 
of the disease was afforded by the work of Stuckey and Temple (1911). 
By means of cultures, certain bacteria were isolated from typical blos- 
som-end rot lesions, but in no case was it possible to produce the disease 
in typical form, by inoculations, although some rotting occurred in cer- 
tain cases. Inoculations made by introducing diseased tissue from rotten 
fruits into healthy fruit or by the use of bacterial exudate also failed to 
reproduce the disease. To test still further the possible part of a patho- 
gene, the decayed areas from five fruits 


Fig. 42. — Cross-sections of tomatoes affected with blossom-end rot. {Aft&r Stuckey.) 

, . . were cut out and ground in a mortar with sterile sharp sand, until the 
rotted material was cut fine. This mixture fef sand and rotten tomato was used 
to inoculate fifty fruits. The inoculations jpere made by talcing the material 
on a spatula and rubbing the tip of the fruit until the skin was considerably 
abraded. The treatment was considered Sapable of producing more injuries 
to the skin than could ever occur in nature; also, it seemed to us, that if there 
was in the rotten areas any pathogenic organism — be it fungus, anaerobic bac- 
teria, or bacteria not growing on artificial media — ^it should be introduced into 
the skin and flesh of the tomato in a much greater degree than could ever take 
place in nature. The fruit ripened without the development of a single case of 
rot {Stuckey and Temple, 1911). 

A few years later Brooks (1914) made a study of the organisms associ- 
ated with blossom-end rot. Cultures made from early stages of the 
disease invariably failed to show the presence of any organism, but 
^Tungi and bacteria were often obtained from cultures of later stages of 
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the disease.” These included a bacterium, and a species of each of the 
following fungi: Penicillium, Macrosporium and Fusarium. All of these 
organisms were tested by inoculations. 

The results showed that Penicillium and the bacterium were unable to produce 
blossom-end rot and that the troubles developed by Fusarium and Macrosporium 
were different from the disease in question. 

The possible relation of an enzyme or virus to the disease was tested 
by making hypodermic injections of filtered extracts of diseased tissue 
into normal fruits, but negative results were obtained in all cases. This 
would seem to discredit the theory later presented by Reynolds (1918) of 
an ultramicroscopic organism. 

Of the various environmental factors which may have an effect upon 
the incidence of the disease, the wmter relation is the most important. 
As early as 1910, Selby observed that the rot in greenhouse tomatoes 
could be checked by a thorough watering, and various other writers 
agreed that the disease was most prevalent on light soils during hot, dry 
weather. The effect of soil moisture was studied by Stuckey (1911), 
and on the basis of field tests in which plots were subjected to different 
moisture conditions it was shown that the “rot on the irrigated plots 
was very much lower than that on any of the others; and the more thor- 
oughly the irrigation was done the less the rot.” In later studies by 
Brooks (1914) the disease was 

. . . produced on vigorous plants by a sudden decrease in the a\’ailable water 
supply, but other factors than vigor and dryness have been shown to be of 
importance in determining the occurrence of the trouble. It has resulted from 
the wilting of the plants only when their photosynthetic and metabolic processes 
were in great activity. It has been produced much more readily and uniformly 
by an excessive water supply than by a scant or intermittent one. Plants receiv- 
ing a moderate supply of water have developed far less rot than either lightly or 
heavEy watered ones. 

In this connection it is of interest to note that blossom-end rot is 
rarely serious in certain regions in the Pacific Northw'est in which the soil 
moisture is moderate and gradually sinks to a very low level during the 
growing season. Under such conditions, plants may suffer from water 
shortage with little evidence of blossom-end rot. From the experiences 
in other sections or with tomatoes grown under irrigation in the open or 
under glass, it seems that water shortage after a period of plenty is more 
favorable for the disease than a chronic water shortage. The influence 
of heavy irrigation in the development of the disease is believed to be 
“due to the development of harmful humic and ammonium compounds 
at the expense of the nitrate content of the soil.” With this interpreta- 
tion of the results, the heavily watered plants might be considered as 
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growing under conditions somewhat akin to drought, the large amount 
of toxic substance present increasing the water requirements. 

Effects with fertilizers are somewhat conflicting. Stuckey and Tem- 
ple (1911) state that ^Hhere is nothing in the use of nitrate of soda or 
stable manure to increase the tendency to rot,” while Brooks (1914), 
working under greenhouse conditions, states that: 

Increasing the amount of manure increased the rot in all cases. The contrast 
was greater on a sandy loam than on clay. It is evident that applying the 
amount of manure often recommended for greenhouse tomatoes (manure to 
make one-third or one-half the bulk of the soil) may greatly increase the disease 
and that heavy applications are still more serious. 

It was also found that, with liberally watered plants in the greenhouse, 
potassium chloride increased the disease, while lime and sodium nitrate 
decreased it, but these relations did not hold true under field conditions, 
when plants w^'ere subjected to drought. In this case potash did not 
increase the disease, lime had little tendency to decrease it, while nitrog- 
enous fertilizers favored its development. Contrary to some of the 
general beliefs, experiments have shown an increase in the disease as a 
result of staking (Stuckey, 1911), with 68.4 per cent of rot on staked 
plants and 20.7 per cent on unstaked plants. This has been interpreted 
as due to the more rapid drying of the soil in the staked than in the 
unstaked plots. It has also been shown that the disease may be increased 
in amount by raising the soil temperature, and this would suggest that 
the disease should be less in those localities which have relatively low soil 
temperatures. 

Varietal Relations —In the tests which have been made no varieties 
of our common tomato {Lycopersicum esculentum) have proved immune to 
blossom-end rot, but marked variations in susceptibility have been noted. 
The cherry tomato (L. cerasiforme}^ the pear tomato {L. pyriforme) and 
the currant tomato (L. pimpinellifolium) have been reported as immune. 
The variation in susceptibility is illustrated by the tests of 26 varieties 
reported by Stuckey and Temple (1911), ranging from 4.4 per cent of 
affected fruits in Gold Ball, a small worthless variety, to 62 per cent in 
Dwarf Stone. It is encouraging to note that such a valuable variety as 
the Earliana is among the more resistant varieties. Bonny Best was 
reported free from the disease during a single test (Brooks, 1914). It is 
a little difficult to determine comparative resistance under field condi- 
tions, since date of fruiting varies and all varieties may not be subjected 
to the causal conditions at the critical stage in their growth. Apparent 
resistance may therefore be due to heavy fruiting before the onset of 
drought or to late fruiting after the trying conditions have been passed. 
It is the belief that certain physiological characters or structures which 
make for or against susceptibility are transmitted from parent to offspring. 
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This is based on the results obtained with crosses between the cherry 
tomato and the common garden form^ which have shown high resistance 
in both the first- and second-generation progeny. It still remains for the 
plant breeder to develop immune varieties that will be of good size and of 
high commercial quality. 

Prevention. — The early belief that blossom-end rot was due either 
to fungi or bacteria naturally led to tests of spraying as a method of 
control. If spraying is of any value it must be due to control of insect 
pests or to improvement in the general physiological tone of the plant, 
possibly through modification of transpiration. The results have been 
somewhat conflicting, about an equal number of workers reporting for 
and against the value of spraying. At present it seems, however, to be 
the general opinion that spraying is of little value. In preventing the 
disease, or in reducing it to the lowest amount, the following points 
should serve as a guide: 

1. Some relief may be obtained by the selection of varieties that show 
more or less resistance. 

2. Overvigorous plants show more susceptibility to the disease than 
plants which are making a slower and less luxuriant deveiopment. 

3. A continuous uniform growth is more likely to give freedom from 
the disease than fluctuating or intermittent growth. 

4. Shortage of moisture at the critical time in the development of the 
fruit is one of the most important causal factors. 

5. Excessive watering may greatly increase the disease over that 
shown by plants which have received a moderate supply, 

6. Heavy applications of barnyard manure have increased the dis- 
ease, especially in certain soils. 

7. The relation of artificial fertilizers to the disease is somewhat 
variable and positive recommendations are unsafe. 

8. The disease is increased by raising the soil temperature in green- 
house culture. 
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OTHER IMPORTANT DISEASES DUE TO UNFAVORABLE WATER 

RELATIONS 

Straighthead of Rice.— The leaves of affected plants are darker than 
normal, more erect and stiff er and adhere closely to the stem. The heads 
develop slowly, remain green longer than normal heads, stand erect when 
normal heads are drooping, and glumes or other parts of the inflorescence 
are either aborted, distorted or perfect but complete flowers still remain 
sterile. Numerous suckers are developed from the crown or lower nodes 
owing to the failure of the heads to set seed. The root system of straight- 
head plants shows a large number of coarse, sparingly branched water 
roots with a scarcity of root-hair development, while a normal root 
system has many secondary roots with numerous root hairs. The dis- 
ease is most common on virgin soil, but the previous growth of a non- 
irrigated crop predisposes to the disease. Chemical and biological soil 
factors play a part in the production of the trouble but it can be prevented 
by withdrawing the water 5 or 6 weeks after it is applied and allowing 
the soil to aerate, after which the field may be flooded for the remainder 
of the growing season. 
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Water Core of Apples. — This trouble is characterized by the presence 
of glassy or watery areas in the flesh or pulp, located near the core or 
extending out towards the surface. This abnormal condition does not 
show on the surface except in the more extreme cases. The glassy appear- 
ance is due to the fact that the spaces between the cells are filled with cell 
sap rather than with air, as in normal pulp tissue. The presence of inter- 
nal water core can be determined by candling, using the same principle as 
in the candling of eggs, since normal apples appear opaque, while those 
affected with water core transmit the light. The occurrence of water 
core is influenced by climatic factors, methods of pruning, cultural 
practices, water supply and varietal differences. Whatever the initial 
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cause, the end result appears to be the same, that is, the permeability of 
the protoplasmic membranes of the pulp cells is altered and consequently 
water is forced out into the intercellular spaces. Water core does not 
necessarily imply a surplus of water, for it has been shown that underirri- 
gation will increase the amount of the disease. The relation of climatic 
factors to the trouble makes complete prevention impossible, but it may 
be reduced in amount by giving attention to the following: (1) Follow^ 
cultui-al methods or irrigation practices that will prevent either excesses 
or deficiencies of the soil water. (2) Do not irrigate heavily shortly before 
the ripening period. (3) Follow a pruning practice that will maintain 
the proper balance between root system and top. (4) Pick the fruit at 
prime maturity and store at once. 
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Drought Spot or Spot Necrosis of Apples and Prunes, — The drought 
spot of the apple is marked by spotting and deforming of the fruit. 

In typical cases the trouble first appears as large, irregular, water-soaked 
spots that often have a reddish margin and are usually covered with drops of a 
yellow sticky ooze that is sweetish to the taste and later hardens into a brittle 
crystalline deposit (Brooks and Fisher, 1918). 

A shallow layer of tissue below the spot becomes dead and brown, and 
a depression results due to failure of growth at that point. Since there 
are generally several spots on affected fruits, the final result is a more or 
less misshapen apple. Lesions of the above type occur most frequently 
when the fruits are about one-third grown and are usuall}?' located near 
the calyx end. A more superficial type of drought spot may show as 
spotting and checking of the skin without any malformation. Winesap 
and Sta 3 man are seriously affected, while Gano and Ben Davis are also 
susceptible, but such varieties as Jonathan, Delicious and some othei's, 
when subjected to drought, shrivel without spotting. Drought spot of 
apples has been shown to be due to a sudden and pronounced water 
shortage following a normal supply earlier in the season. It has been 
noted mostly in irrigated orchards on shallow soils or on those with a 
gravelly subsoil. 

Drought spot of prunes shows first as a watery translucent spot beneath 
the skin of the green fruits. The affected tissue soon undergoes degenera- 
tion with the formation of gum and this may accumulate as a gum pocket 
or it may burst the skin and ooze to the surface and set into a hard, glassy 
deposit. The external rupture of the skin is frequently crescent shaped 
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and hence suggests curculio injury. The trouble has also been called 
guna pockets and occurs on both irrigated and non-irrigated trees. It 
is the belief that in both apples and prunes water is withdrawn from the 
fruits to supply the leaves when the moisture supply is limited, and thus 
localized areas of cells are killed. 
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Cork of Apples. — This is a name applied to a trouble or possibly to a 
group of troubles showing a variety of symptoms somewhat similar to 
bitter pit and drought spot, but distinctly different. The affected fruits 



Fig. 43. — A, cross-section of King apple affected with cork, showing brown corky tissue 
near the core; section of a York Imperial, showing pockets and brown corky tissue 
beneath the surface depression. {After Brooks and Fisher.) 


show internal brown, dry, spongy or corky patches which may or may not 
be evident by external irregularities. These “dry-rot” patches if near 
the core are not evident on the exterior, but if more superficial there may 
be extended external depressions, frequently transversely elongated. In 
general, these spots are much larger than in bitter pit and more deep- 
seated than in drought spot. In some forms adjacent lesions merge into 
each other, and in certain types pronounced cavities appear in the necrotic 
tissue. The variability of the symptomology and the study of these 
troubles in widely separated localities have led to the use of such names as 
“malformation,'' “dry rot,” “York spot,” “punky disease,” “hollow 
apple,” “crinkle” and “confluent bitter pit.” Another closely related 
disease is called “blister,” 
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This trouble first appears as slightly raised, brown or reddish spots on the 
skin of the apples. The center of the raised portions is very hard and corky, but 
only the outer epidermal layers are involved. As the apple develops, the blisters 
crack and scale off, exposing a rough, corky layer that has formed beneath 
(Brooks and Fisher, 1918). 

In the cork diseases, the fruits may reach nearly normal size or they 
may be much reduced in size. It is not certain that water shortage is the 
only factor instrumental in producing cork, but it seems to be closely 
dependent upon an improper soil environment such as shallow or gravelly 
sites, deficient in humus, in which a water shortage is likely to be a more or 
less chronic condition. First, attention should be given to the selection 
of site so as to avoid as many of the contributing factors as possible. In 
the established orchard the trouble will be lessened by practices which 
improve the physical condition of the soil and increase its water-holding 
capacity. Keeping up the moisture content of the soil by conservation 
methods or by timely irrigation will produce beneficial results. 
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Internal Decline of Lemons. — This is a non-parasitic disturbance 
involving the destruction of internal tissues of the fruit, usually at the 
stylar end. “Blossom-end decay,” “tip deterioration,” “yellow tip” 
and “dry tip” are some of the terms used by growers, packers and 
shippers. “Green” (light or dark), “silver,” “tree ripe” or “yellow” are 
terms applied to lemons in different stages of maturity. The e.xternal 
symptoms on green fruit are partial loss of luster at the stylar end or the 
appearance of yellow on a portion of the stylar end when the remainder of 
the fruit is still green; on silver fruits a more intensive coloring of the peel 
at the stylar end, but this is not an absolutely reliable indicator; and on 
the tree-ripe fruits again by a more intensive coloration of the stylar end, 
but this is not an infallible sign. In thin-skinned lemons a depression 
may be formed at the base of the nipple on the stylar end, but this is not 
always a diagnostic character. The internal symptoms on green fruits 
are the appearance of small cylindrical openings in a circle within the ring 
of vascular bundles at the stylar end, which later appear clogged with a 
pinkish to rust-brown gum; then the breaking down of the vessels and 
surrounding tissue with more or less gum formation and the frequent 
appearance of fust-brown splotches at one or more points in the adjoining 
tissues; and at this time the collapse of cells and juice sacs due to water 
loss of the pulp adjoining thc; peel at the stylar end, but with very little 
,or no discoloration. In the dUer stage the loss of water and the collapse 
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of cells and juice sacs continue and advance especially into the pithy core 
or placenta, without discoloration or with a pinkish to light-brown color, 
and at this stage the breaking down of the tissue has progressed so far 
as to involve parts of the inner portion of the peel and perhaps a fifth of 
the adjoining pulp at the stylar end/' In tree-ripe fruits 

. , . the pulp tissues continue to lose water and collapse as long as the fruit 
remains on the trees. When one-third to one-half of the stylar end of the lemon 
has become affected, an abscission layer usually forms in the stem and the fruit 
drops. 

The disease may not always appear in the green stage, but only 
become evident in the silver or tree-ripe stages. 
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CHAPTER VI 

DISEASES DDE TO IMPROPER AIR RELATIONS 


Living plants or plant structures stand in intimate relation to their 
air environment from which certain materials must be obtained and to 
which by-products of their activities are contributed. Unfavorable air 
relations may interfere with income and outgo of gaseous materials 
and thus induce disease. 

General Air Relations of Plants and Plant Structures. — Every living 
portion of a plant body must be so related to its environment or to other 
plant parts as to obtain a supply of oxygen. In other words, every living 
part of the plant breathes. In this process of respiration complex chemical 
changes are taking place within the living cells, but certain end products 
mark the process, carbon dioxide being given off and o.xygen con- 
sumed. Oxygen is taken in through aerial parts and diffuses throughout 
an intercellular system of connecting spaces; it is also absorbed by the 
root system of the plant from the air in the spaces betw-een soil particles. 
In the case of our common crop plants the roots cannot obtain their 
needed oxygen from or through the aerial parts but must obtain it direct 
from their soil environment. Respiration increases in the seed with 
absorption of water and exposure to favorable temperatures, and continues 
as an active process throughout the life of the plant. In dormant plants 
or plant structures like tubers, rhizomes or fleshy fruits, etc., in which the 
life processes are at a low ebb, respiration does not cease until life i.s 
extinct. Any pronounced interference with the respiratory exchanges 
will result in lowered efficiency and, if continued, in evident ill health 
and final death. 

It is only under exceptional circumstances that the breathing of the 
aerial parts of our growing crops is likely to be seriously interfered with. 
A heavy deposit of dust or of inert particles like cement dust may coat 
the aerial parts and choke the stomata of leaves and thus cause pro- 
nounced injury by interfering with the exchanges of gases. Dormant 
structures like tubers or bulbs or languid organs like fruits, when removed 
from their natural environment and collected in closely crowded quarters 
of the storehouse or the market package, may suffer from the lack of 
sufficient aeration. The oxygen requirement may not be satisfied or the 
stagnation of the air may delay the removal of volatile products of proto- 
plasmic activity. 
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Since underground parts must get their oxygen from the soil air/ and 
since there are many ways in which the air content of the soil may be 
lessened or its free circulation impeded, asphyxiation of roots is a fairly 
common phenomenon. This may cause pronounced disturbances in the 
life of the plant or may end in its death. Most cultivated plants cannot 
obtain sufficient oxygen from water; hence a soil saturated with water 
will not supply sufficient oxygen to the root system. This will explain in 
the main the injurious effects of heavy, poorly drained or water-logged 
soils, wet feet,^^ flooded lands or other conditions in which water drives 
out the soil air which is so essential for a healthy development. The 
physical structure of the soil may be such as to impede the circulation of 
the air so that the oxygen supply may be used faster than it is replaced, 
or the position of the root system may be such that new supplies of oxygen 
do not reach them rapidly enough. This will explain the injurious effects 
of closely compacted or hard soils, silt deposits, surface coverings of 
cement walks or pavements, deep seeding or setting of plants or filling 
around trees in grading for the construction of buildings. Seeds may fail 
to germinate, growing annual crops may sicken and die or lead a strug- 
gling life or trees may blight or die back because of the inability of the root 
system to obtain the necessary air. 

APPLE SCALD 

This storage and transportation disease of apples is characterized by 
certain skin discolorations followed by internal changes which disfigure 
the fruit and shorten the duration of its storage period. 

History and Geographic Distribution.— Scald of apples is a trouble that must have 
occurred ever since apples have been held in storage, but it is only in recent years that 
it has been recognized by growers, shippers and plant-disease specialists as a disease of 
great commercial importance. While it has occurred in common storage, it has 
been much more in evidence since the extensive refrigeration of fruit in transit to 
market or during storage. The disease wsls of sufficient importance in Vermont in 
1896 (Jones) to demand consideration, but the disease had previously been known as 
scald and its prevalence recognized, especially on certain varieties. The disease was 
well characterized and its cause discussed in the above-mentioned report and also a 
year later (Jones and Orton, 1897-1898), but little advance was made in the knowledge 
of its etiology. It was recognized as a trouble of non-parasitic character, and it is 
interesting to note one of the conclusions that 'fit appears certain that the primary 
cause of the scald must be sought in the climatic and orchard conditions, the condi- 
tions of the storehouse being secondary.” Time has shown the truth, of the state- 
ment that "apple scald presents a complex problem, the solution of which needs the 
accumulated observations and experiments of a series of seasons.” 

Scald was given special attention in the. studies by the office of Pomologieal Inves- 
tigations of the U. S, Department of Agriculture on the general problem of "the 
apple in cold storage” (Powell and Fulton, 1903), and also received consideration in 
New York (Beach and Clark, 1904) and later in Iowa (Beach and Eustace, 1909; 
Greene, 1913; Whitehouse, 1919; Plagge and Maney, 1924, 1925). The most detailed 
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stiKlies on scald liave been made by the plant pathologists of the li . S. Department of 
Agriculture (Brooks, Cooley and Fisher, 1917 and later), and we are indebted to 
l,hem for the establishment of the real cause of the trouble and for the perfection 
of the oiled wrapper as a means of control. The Pacific Northwest, as a large producer 
of apples, has been the center for some of these recent studies (Kamscy et at, 1917; 
Fisher, 1020). 

Symptoms and Effects. — Scald is characterized by the discoloration 
of the skin of stored fruit, the color varying from a faint-brown tint in 
mild cases to a pronounced brown involving the entire thickness of the 
skin in more severe cases. The scald appears first on the lighter surface 
of the fruit, where it is most severe and spreads until all or a large part of 
the surface may be involved, depending somewhat upon the maturity of 


Fig, 44. — Common scald of apple. {After Brooks and Fisher.) 

the fruit at the time of storage. Green or undercolored skin is the most 
susceptible, yellow of medium susceptibility, while deep red is generally 
the most resistant. 

In the very severe cases, the entire skin layer is killed and sometimes broken 
down to the extent that it will slough off readily from the flesh. In some 
instances the flesh becomes dead and brown to a depth of M inch and the disease 
takes on the appearance of an apple rot; but true rot usually spreads down Into 
the flesh in a more or less conical shape, while scald is usually diffuse, spreading 
over a large area without having much depth (Brooks, Cooley and Fisher, 1920). 

Severe scald may be followed by physiological decay or internal 
breakdown, which may involve much of the interior. - The scalded areas 
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are soon invaded by rot-producing fungi which find the dead tissues an 
easy avenue of entrance, and thus complete the work of destruction. 

The symptoms described above have sometimes been designated as 
common or hard scald to distinguish them from another trouble of some- 
what different origin known as soft scald. This disease ^Varies greatly in 
importance and severity in different years. Jonathan, Blue Permain 
and Wealthy seem to be particularly susceptible, and are often rendered 
worthless in storage because of soft scald. Soft scald varies from small 
spots an eighth of an inch or less across to large areas that sometimes 
include the whole surface of the apple. Soft scald may be compared to 
^^the effects produced by touching or rolling an apple on a hot stove— the 
sharply defined margins, tightly drawn skin and 'cooked^ appearance of 
the affected tissue are all very similar^' (Fisher). The scalded areas 
frequently form more or less elongated transverse lesions or peculiar 
irregular patterns. A trouble designated as a “dry brown rot’’ by 



Fig. 45. — Soft scald of Jonathan apples. {After Whitehouae, Iowa Exp, Sta, Bui. 192.) 


Whitehouse (1919) is essentially similar to some forms of soft scald. In 
both common scald and soft scald, the injured tissues may be invaded by 
Alternaria or other fungi and become spotted with black. 

While scald may appear in common or home-stored fruit, it is of most 
concern as a disease of commercial storage or of market fruit. 

Scald may appear on apples while still in commercial storage, but it is only 
after they have been moved to the warmer temperature of the market or the 
home that it makes its most rapid development. Apples may appear to be in 
perfect condition upon removal from storage and yet a few days later have their 
market value reduced 15 to 30 per cent or more on account of the development of 
scald. A disease that makes such a sudden appearance at a time when the apples 
are ready for consumption naturally has a very diturbing effect upon market 
operations, resulting in heavy losses and tending to limit distribution and decrease 
consumption (Brooks, Cooley and Fisher, 1923), 
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It has been stated that market inspection reports show that scald 
causes almost as much loss on the market as blue mold. This does not 
take into account latent scald that appears later, hence the total losses 
are probabty higher than from any other market trouble. Apple scald 
causes losses or handicaps to the apple industry in a number of "ways: (1) 
by depreciation in price due to actual occurrence of the disease, or to 
anticipation of loss from its increase; (2) by spoilage before the fruit can 
reach the consumer; and (3) by restricting purchases when scald is likely 
to develop, and thus affecting market conditions and lessening total 
consumption. 

Etiology.— Apple scald is a non-parasitic or physiological disturbance 
due to the production, by the tissues of ripening or aging fruit, of volatile 
esters which have a toxic effect upon the tissues if conditions are such that 
they accumulate in the tissues or in the surrounding air. This conclusion 
is based on the fact that typical scald can be ''artificially produced in a 
few days^ time by exposing apples to the vapors of ethyl acetate, amyl 
acetate, or methyl butyrate,'' and on the protecting effect of circulating 
air or of substances which can absorb these volatile products and so 
prevent their accumulation. It was suggested at one time that the 
scalding might be due to a shortage of oxygen or to an excess of carbon 
dioxide, because of the massing of large quantities of fruit during storage, 
but it has been shown that scald will develop when there is no shortage 
of oxygen and will not be produced by an excess of carbon dioxide. On 
the contrary, it has been found that "high percentages of carbon dioxide 
delay the ripening of the apples and greatly decrease the development of 
scald" (Brooks, Cooley and Fisher, 1923). In this connection it is of 
interest to note that Kidd and West (1923) have described a functional 
disease of apples and pears under the name of brown heart, 'which has 
caused heavy losses in Australian shipments to England, and that they 
attribute the trouble to the excess of carbon dioxide in holds of the vessels, 
accompanied by a low oxygen concentration. They have also shown by 
experiments that "the danger limit of carbon dioxide is lower when the 
temperature is low, thus a concentration of carbon dioxide which will 
have no effect at higher temperatures will cause brown heart at lower 
temperatures." 

The time of appearance and the severity of the trouble are influenced 
by seasonal and orchard conditions and by the environmental influences 
that operate during packing, transportation, storage or on the market. 
The susceptibility to scald is influenced by: (1) maturity and color of the 
fruit at picking time; (2) the amount of moisture available during the 
growing period; and (S) the size of the fruit. Well-matured and highly 
colored fruits scald less than immature or poorly colored fruits. Fruit 
that is picked green may show twice as much scald as well-matured, but 
not overripe, fruit. Apples are increased in susceptibility by abundant 
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moisture either from irrigation or from natural rainfall. The 
forcing that may follow heavy irrigation has been known to cause three 
times as much scald after the fruit was removed from storage as in fruit 
from lightly irrigated trees subjected otherwise to the same conditions. 
Large apples are generally more susceptible to scald than small ones, 
mainly because of a forced growth, immaturity and poorer color. 

The development of scald is influenced by: (1) the temperature to 
which the fruit is subjected after picking, during storage or transit to 
market; (2) the aeration or ventilation of the fruit; and (3) the humidity 
of the air to which it is exposed. 

The harvested apple is still carrying on its physiological processes, 
and will continue to do so as long as its tissues are living. It must be 
evident that these processes, which are essentially chemical reactions, 
will be speeded up by high temperatures or slowed down by low tempera” 
tures. Since scald is a chemical phenomenon it is but natural to expect 
that temperature conditions which retard respiration and tissue activity 
in general would delay the appearance of the disease. Storage at low 
temperature does not prevent scald, but it delays its onset, simply by 
slowing down the life processes. The influence of temperature upon scald 
may be illustrated by the results obtained by numerous investigators 
that immediate storage at 32°F. resulted in more delay in the appearance 
of the disease than storage at any higher temperatures, especially if the 
fruit was in prime condition at picking. With fruit that has reached 
prime maturity at picking time, the appearance of scald is advanced by 
delayed storage or by holding at temperatures higher than the storage 
temperature. Immature fruit will scald less by holding at ordinary 
temperatures until it more nearly reaches the best or optimum degree of 
maturity for cold storing^' (Whitehouse, 1919). 

Stagnation of the air is conducive to the development of scald, hence 
piling apples in large heaps, close ranking of containers, use of tight 
containers or storage in poorly ventilated warehouses or storage rooms 
will favor the onset of the disease. If delayed storage is necessary, it is 
important to provide conditions which will give the best possible circula- 
tion of the air, as by this means the incidence of the disease will be 
delayed when the fruit goes into cold storage. The importance of aera- 
tion in the storage room is emphasized by the fact that scald is often less 
in well-ventilated cellars and air-cooled storage rooms than in commercial 
cold storage. The circulation of the air is the important feature rather 
than the introduction of fresh air. It has been noted that apples near 
the aisles or doors of a storage room are less affected than those in the 
center of the stacks. Crowding in a poorly ventilated room will give a 
large amount of scald, but if, in addition, tight containers are used, it 
will be still further increased. It has been shown that apples in venti- 
lated barrels, baskets or hampers scald much less than fruit in tight 
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barrels, the (lifference being due in part to the more rapid cooling in the 
ventilated packages, but mainly to the free access of air. For this same 
reason boxed apples scald less than barreled stock, unless the boxes are 
stacked too tightly to permit a circulation of the air. The early part of 
the storage period, that is, the first 6 or 8 weeks, is an especially critical 
time in the storage life of the apple, and during this period good aeration 
and ventilation are essential. It has been shown that scald is increased 
by luVb humidity of the storage room, but the ventilation and the 
temperature have more influence. The maximum amount of scald will 
develop in immature fruit from heavily irrigated orchards, packed in 
un ventilated containers and held at high temperatures in humid, poorly 
ventilated storage rooms. 

Susceptibility of Varieties.— Under unfavorable conditions scald 
may occur on almost any variety of apple, but certain varieties are 
especially susceptible. It is generally agreed that green and yellow 
varieties are more susceptible than red varieties, although in some red 
varieties the disease becomes of commercial importance. Partially 
colored fruits scald mainly on their green or yellow surface. Beach and 
Clark ( 1904 ) report Grimes, Mann, Tolman Sweet, Winter Banana, 
Yellow Bellflower, Rhode Island Greening and Green Newtown as the 
most susceptible yellow varieties, and Baldwin, Gano, Missouri Pippin, 
York Imperial and Winesap as the most susceptible red varieties, as a 
result of their storage studies in New York. Whitehouse ( 1919 ) lists 
Grimes, Mammoth Black Twig, Sheriff, Northwestern Greening, Willow 
Twig and less commonly the Winesap as the principal varieties on which 
scald is commercially important in Iowa. Other varieties which have 
been listed as especially susceptible are the Rome Beauty, Stayman 
Winesap, Wagener and Baldwin. 

Prevention. — While the scald of apples cannot be absolutely pre- 
vented, it can be held in cheek to such an extent that market losses can be 
nearly eliminated. While some few practices have proved of outstanding 
value, the progressive fruit man will give attention to both preharvest 
and after-harvest factors. The following control features should be kept 
in mind and followed as closely as possible to secure the production and 
marketing of a high-grade product: (1) Allow fruit to reach prime 
maturity before picking and follow cultural practices to produce the best 
color possible for the variety. Avoid, especially, undermatured or over- 
stimulated stock except for early consumption. (2) Avoid delayed 
storage of apples that have reached prime maturity, but if delay is neces- 
sary provide for free access of air during the prestorage period, and pro- 
tect as much as possible from the direct sun or high temperatures. Hold 
immature fruit until it approximates prime maturity before putting into 
cold storage. (3) Store fruit a«- quickly as possible after picking and 
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temperature of the stored fruit at 32°F, and the relative humidity of the 
air in the storage room between 80 and 85 per cent. In some localities 
certain varieties like the Yellow Newtown^ for example; may require a 
slightly higher temperature (36 to 40°) to prevent ''internal browning.''^ 
(4) Arrange for as thorough and complete aeration of the storage room as 
possible, keeping in mind that the movement of the air is more important 
than the introduction of fresh air. (5) Avoid the use of tight containers, 
and provide open stacks in the storage room. The use of ventilated or 
open containers helps to retard the appearance of the disease. (6) Prac- 
tice wrapping of the fruit, using special oiled paper wrappers. Experi- 
mental tests have shown that ordinary paper wrappers greatly reduce 
apple rots in storage (Powell and Fulton, 1903), and are of some value in 
the prevention of scald (Whitehouse, 1919), but almost complete control 
is obtained with the use of the oiled wrappers as reported by Brooks, 
Cooley and Fisher (1923). 

The control of scald by means of oiled wrappers might seem to be in contradic- 
tion to the principles of scald control developed under the subject of aeration. 
It was pointed out, however, in the earlier discussion, that high percentages of 
carbon dioxide tend to delay the ripening of the apple and to decrease scald, 
while high percentages of the odorous gases thrown off by the apple are injurious 
to the skin of the apple. The oil removes these odorous substances by absorption, 
in the same manner that butter and other fats take up various odors, and the oiled 
wrappers as they come from the package are heavily charged with the various 
odorous materials thrown off by the apples. The oil also has a checking effect 
upon the life activities of the skin of the apple, slightly delaying the development 
of yellow in the ground color and probably at the same time checking the develop- 
ment of scald. 

Two other methods of using the oil have been tried : first, coating the 
skin of the apple, and, second, scattering shredded oiled paper between 
the apples. The first method has often injured the appearance and flavor 
of the fruit, while the second, although less efficient than the oiled wrap- 
pers, has been found well adapted for the control of scald on apples 
packed in barrels, hampers or other containers of unwrapped apples. 

The most important of the control practices are the storage at low 
temperatures and the use of oiled paper as wrappers or in shredded strips 
scattered between unwrapped apples.^ By these practices not only is 
scald reduced to a minimum, but the inroads of rot-producing fungi are 
held in check (Brooks and Cooley, 1917 and 1924). 

1 See U. S, Dept. Agr. Bui 1104, 1922; also Cal Bui 370, 1923. 

2 Excellent results have recently been obtained in Washington by the use of the 
Brogdex treatment. This is an adaptation of the Brogdex treatment of citrus fruits 
to the handling of apples. The apples are first cleaned by rotating dry brushes an<l 
then sprayed with warm paraffin and oil which is distributed by a second set of 
rotating brushes. In this treatment the oiled p^per wrappers are not necessary. 
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BLACKHEART OF THE POTATO 

The potato is affected by a nuraber of diseases marked by a discolora- 
tion of the interior tissues of the tuber, but one of these internal necroses 
which causes a characteristic blackening of the center and sometimes of 
more external parts has been called the blackheart or less frequently 
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heart rot. Internal discolorations of the tuber may be caused by either 
parasitic or non-parasitic influences. 

General Types of Internal Tuber Troubles. — The principal groups of 
diseases which cause internal necrotic areas and their important charac- 
ters will be briefly presented: 

1. Decays due to the action of either bacteria or fungi, including 
blackleg tuber rot, slimy soft rot, fungous rots caused by various species 
of Fusarium, jelly-end rot, a soft watery rot called leak or melters, late- 
blight rot and some others of minor consequence. 

2. Vascular discolorations frequently followed by decay, including 
bacterial wilt or brown rot of the southern states, Fusarium blight caused 
by various Fusarium species and Yerticillium wilt. In all three troubles 
the initial tuber lesions are in the nature of brown discolorations of the 
vascular ring especially at the stem end, while a later phase in the nature 
of a rot may be induced by the advance of the causal organism into 
tissues adjacent to the vascular ring. 

3. Minute discolored areas below the skin which accompany a knotty 
or irregular surface, characteristic of -the attacks of the root-knot nema- 
tode, or eelworm (see Nematode Diseases, p. 847). 

4. Phloem necrosis in the nature of a network of brown strands 
extending throughout the flesh of the tuber, especially of the stem end, 
one of the tuber symptoms of leaf roll, a virus disease (see p. 261). 

5. Non-parasitic troubles, including simple stem-end browning of the 
vascular ring; internal brown spot characterized by brown spots scattered 
throughout the flesh of the tuber (identical with ^'sprain” of English 
writers and ^-Buntwerden^^ or “Eisenfleckigkeit’( of the Germans); heat 
and drought necrosis in the nature of a yellowing and browning of the 
vascular ring and the more external tissues; sunburn or greening due to 
exposure to light; sun scald, or the killing of external tissues from expo- 
sure to intense heat and light; freezing injury and frost necrosis, evident 
as ring, blotch or net types of discoloration; hollow heart, or a central 
cavity lined by dead-brown cells; and blackheart, the subject of this 
section. It should be understood that a given lot of tubers may show 
more than a single internal disturbance, and that non-parasitic lesions 
like hollow heart, frost injury, sun scald and blackheart are frequently 
invaded by bacteria or fungi which find the dead or injured tissues a ver}^ 
congenial substratum. 

History of Blackheart. — While the blackheart of potatoes has undoubtedly been a 
cause of loss for many years, it was not recognized as a specific trouble to which the 
name blackheart was applied until the work of Bartholomew (1913, 1915). This 
trouble was first brought to the attention of plant pathologists by its appearance in 
severe form in carload shipments occurring either while in transit or soon after reacli- 
ing their destination. The experience of shippers that the trouble was due to over- 
heating in transit was confirmed by the studies of Bartholomew, and this was accepted 
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as the sole cause until the publication of the bulletin by Stewart and Mis (191.7) on 
“Blaokheart and the Aeration of Potatoes in Storage,” in which the disease was 
shown to be of wide occurrence and the result of a deranged or deficient respiration 
influenced by temperature and the avafiable supply of oxygen. More recently, a 
chemical study of the blackheart of the potato has been made by Mann and Joshi 
(1921), and Coons (1924) has given special attention to the injurious effects of the 
disease upon seed stock. 


Symptoms and Effects. — The appearance of tubers affected by black- 
heart is exceedingly variable, depending upon the exact conditions under 
■which the disease has developed. In one form of the disease the tubers 


Fig. 46. — Blackheart of potato. 


may appear perfectly normal as far as external characters are concernetl, 
but ■when cut in two they are found to show a browning or blackening of 
the interior. The discoloration generally starts at the center and pro- 
gresses towards the outside, causing either a star-like radiation or a rnoi-o 
uniform advance. If the inciting conditions operate for a sufficiently 
long period the blackening may advance until it reaches the surface. 
The blackened tissues are in sharp contrast to the normal flesh, similar in 
consistency to normal tissues or more firm or slightly leathery if they 
have partially dried. This character should distinguish the lesions from 
those of either leak or black rot which are similar in color but soft and 
watery. In some cases of blackheart the discoloration appears in the 
form of zones surrounding the center, which is normal or only slightly 
discolored. In blackheart of recent origin the center will be solid,, but if 
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of some standing (10 days or more), the shrinkage of the diseased tissues 
will cause a central hollow surrounded by the black tissue. The extent 
and the character of the blackened tissue will serve to separate this 
phase of the disease from hollow heart, in which a growth cavity is sur- 
rounded by a narrow zone of brown, oxidized tissue. If these blackheart 
lesions advance until they reach wounds, rot-producing organisms are 
likely to enter and continue the work of destruction. 

Another type of the disease may first be evident as moist areas on 
the surface (“sweat^O- This may be followed by a shallow, brown dis- 
coloration over areas of varying surface extent, frequently more notice- 
able at the bud end of the tuber. This condition has been described as 
surface breakdown by Kotila (1923) as follows: 

The first symptoms are observed by the grower 3 or 4 months after the date 
the potatoes were stored, when some tubers in the bin show on their surfaces 
slightly sunken, round or irregularly shaped spots varying in size from Ke to 
% inch in diameter. The borders of the spots have a bluish or gunmetal hue. 
Upon cutting these sunken spots with a knife, it is found that they are only skin 
deep, and, except for the thin brown layer of dead cells beneath the skin, no 
rotting has progressed into the tuber. This surface breakdown is the so-called 
^‘button rot^' of the trade, but it is not a true rot of the tuber. The pitting of 
the tubers becomes more pronounced as the season advances and, with the coming 
of warm weather in the spring, the most severe symptoms of breakdown are seen. 

If conditions continue favorable for the disease, internal discolorations 
of typical blackheart will also appear. If affected tubers are cut before 
the inciting cause has been acting too long, the flesh will be nearly nor- 
mal, but later it turns pink on exposure to the air and then gray black or 
purplish to coal black. Under unfavorable conditions, even fairly early 
in the season, man}^ of the affected tubers will be invaded by either 
bacteria or fungi, and heavy losses may result. 

The potatoes affected by blackheart, which are not invaded by rot- 
producing organisms and destroyed, are sometimes ruined for use as 
table stock owing to the extent of the internal discolorations, and are also 
rendered unfit for seed purposes. According to Stew^art and Mix (1917), 
potatoes severely affected with blackheart may produce apparently 
normal sprouts and they state that such tubers are unfit for seed, but that 
slightly affected tubers may be planted, Coons (1924) emphasizes the 
undesirability of affected tubers for seed purposes, and presents evidence 
that -they may be the cause of the ragged appearance and uneven stand 
in many potato fields. He attributed this behavior to the bacterial 
decay that destroys the seed pieces before the young plant has become 
established in the earth.^' It is stated further that 

Potatoes which have shown blackheart due to improper conditions in trans- 
portation or improper storage conditions either in warehouse or pit are unfit for 
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planting. Any marked flesh discoloration should disqualify the seed piece for 

planting purposes. 

Etiology —The first studies of blackheart showed that the blackened 
tissues of affected tubers were free from any organisms, and therefore 
the disease was believed to be the result of a derangement of normal 
physiological processes due to certain environmental factors. It has 
been shown that blackheart is really due to an asphyxiation of the tissues 
of the tuber due to lack of sufficient oxygen. This lack of oxygen is 
much more likely to be effective in causing the trouble at high tempera- 
tures when the life processes are speeded up, than at more moderate 
temperatures, but under these less favorable conditions the disease may 
develop if the tubers are not sufficiently aerated. It was first shown by 
Bartholomew (1913-1915) that the disease could be artificially produced 
by subjecting tubers to a temperature of from 38 to 48°G., for 14 to 48 
hours, 42 to 44°C. being the optimum. It is significant that this opti- 
mum temperature is very close to the temperature range for maximum 
respiration. This treatment produced the typical internal discolorations 
that have been the cause of loss in numerous carload shipments. Even 
before this experimental proof it was the belief of shippers that the trouble 
was due to overheating in transit. Potatoes shipped during cold weather 
must be protected from freezing injury, so it has been the custom to use 
either refrigerator cars heated by woodstoves or special cars with auto- 
matic heat control. With the stove method of heating, the regulation of 
the temperature is impossible or very difficult and cases of overheating- 
are not uncommon. In 1914 the writer inspected a car of potatoes at 
Atlantic City, N. J., that had been shipped from Maine in an Eastman 
heater car, and found that the entire carload was ruined by blackheart. 
The automatic temperature control had failed to function, and conse- 
quently the car was overheated during transit. There are also plenty of 
cases on record in which the disease has appeared as the result of over- 
heating potatoes held in common storage. 

It was accidentally discovered by Stewart and Mix (1917) that ‘‘ by 
excluding the air from potatoes, blackheart may be produced at tempera- 
tures much lower than those employed by Bartholomew.'"' This led to a 
more detailed experimental study of the air requirements of the potato 
during its storage period and emphasized the fact that a ^‘ considerable 
volume of air is required for the well-being of potatoes." The first work 
with tubers in sealed jars showed that ^'within a certain length of time, 
which varies with the temperature and quantity of air available, tubers 
confined in hermetically sealed jars" develop the first symptoms of sur- 
face breakdown and with later exposure to the air the external discolora- 
tions and the internal discolorations of typical blackheart. The length 
of time required to produce the S 3 miptoms was increased with the expo- 
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sure to lower temperatures, but the blackheart developed even at 40°F. 
after 23 to 40 days when the volume of air was equal to the volume of the 
potatoes. It was also shown that tubers may suffer from insufficient 
aeration due to deep piling, and that under such adverse conditions they 
may behave essentially like tubers in sealed jars. ^^They sprout feebly 
or not at all, become moist on the surface, discolor externally upon expo- 
sure to the air and are often affected with blackheart internally.” It has 
been shown that the injury resulting from poor aeration is due to a lack of 
oxygen and not to the accumulation of carbon dioxide given off in respira- 
tion. From these studies and general observations, it is certain that 
blackheart is found quite frequently in common storage. Heaviest 
losses have been reported during seasons of bumper crops, with the 
crowding of poorly ventilated houses, even though the temperature was 
held at 40° or below. 

According to Bartholomew (1915), the heated or asphyxiated tissues 
of the tuber develop an increased amount of the aromatic amino acid, 
tyrosin. The enzyme tyrosmase is present also, and the interaction of the 
two results in the formation of a black precipitate, which has been called 
melanin” or ^'humin.” The blackening of the tissues is due, then, to: 

(1) the increase in the amount of the chromogen, tyrosin, in free form; 

(2) the access of an unusual amount of oxygen, due to the killing of the 
cells; and (3) the accelerated action of the oxydizing enzyme tyrosmase. 
As a result, the affected tissues undergo a series of color changes ranging 
from light pink to coal black. 

Prevention. — The recognition of blackheart as due (1) to exposure to 
high temperatures during storage or transit to market, or (2) to crowding 
in poorly aerated storage rooms, should at once suggest the methods of 
prevention. It should be emphasized that temperature control alone 
during the storage period with no attention to aeration is not sufficient. 

Probably first attention should be given to storing the potatoes in 
such a way that they will be well supplied with air, and it should be 
remembered that the higher the temperature, the more the need of a good 
circulation of air. Storage in deep bins or in continuous high ranks of 
sacks is likely to induce blackheart. As an insurance against its develop- 
ment, the potatoes to be held for 6 months or more should not be piled 
more than 6 feet deep even when the storage temperature is held around 
45°F., or, in other words, no potatoes should be more than 6 feet from an 
open-air space. If the storage temperature is likely to range from 50 to 
70°F. for longer than 3 weeks during the storage period, no potatoes 
should be more than 3 feet from an open-air space. To increase the 
storage capacity of a given floor space, false floors and walls to the bins, 
with spaces between, may be provided. In sack storage, spaces between 
ranks of sacks will accomplish the same results. With these arrangements 
and with inlets for fresh air and outlets for foul air, blackheart should be 
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prevented unless the potatoes are exposed to abnormal temperatiiies from 
artificial heating. 

Even with the best provision for ventilation, the temperature oi the 
car or of the storage room should not be allowed to go over 95 I and in 
heated cars it will be best to hold it at 60°F. or lower. For further da,ta 
on the minimum temperatures permissible, see Frost Necrosis, page 165. 

Potatoes should not be left long in soil after the vines are dead, if in 
a region of high soil temperatures; neither should they be left lying long 
in the hot sun after digging. Care should also be taken not to hold 
freshly cut potatoes in large piles as blackheart may develop under such 
conditions. 
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CHAPTER VII 


DISEASES DUE TO HIGH TEMPERATURES 

The life of a plant is a complex of physiological processes which are 
operating according to chemical and physical principles ; absorption^ food 
manufacture, digestion of foods, assimilation, translocation of food, 
respiration, transpiration and minor life phenomena which lead to growth, 
maintenance of life and reproduction. All of these life processes are 
influenced by the temperature to which the plant is exposed and this may 
be illustrated by the relation of temperature to growth. Life is only 
possible within the limits of certain temperatures and growth has an even 
narrower temperature range. 

General Temperature Relations of Plants. — There are three cardinal 
points in the temperature relations of any species of plant: 

1. A minimum temperature or degree of warmth, at which growth 
first begins. 

2. An optimum temperature, at which the growth is most rapid, 

3. A maximum temperature, beyond which growth ceases. 

As the temperature rises from the minimum, the growth is gradually 
increased up to the optimum, while beyond the optimum the growth 
becomes slower and slower until the maximum is reached and it ceases. 
Life may continue below the minimum, the plasma body passing into a 
cold rigor, but death may result if the temperature drops too low, that is, 
below the suhminimum.; or, again, the plant may survive above the 
maximum growth temperature, the living substance existing in a state of 
heat rigor, but succumb if the temperature becomes too high or is main- 
tained for too long a period above the supramaximum. Since every 
physiological process has its own cardinal temperature points, it must at 
once be apparent that thriftiness of growth and productiveness of a crop 
are influenced by the temperatures to which it is exposed. The various 
organs of a plant may have different cardinal points, hence fruits may 
suffer injury when vegetative parts escape unharmed, or flowers may be 
burned by temperatures that cause no injury to leaves. 

Temperature is one of the factors in the climatic complex that plays 
a most important part in the natural growth and distribution of plants. 
In addition to being exposed to the vicissitudes of climate, crop or culti- 
vated plants are subject to the inte?:vention of man, and consequently 
they are frequently forced to attempt their life processes under uncon- 
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genial temperatures, and other unfavorable environmental conditions. 
The temperature limits for growth lie, in general, between 0 and 50°C. 
Some growth may take place in certain plants at, or even slightly below, 
the freezing point of water, while some fresh-water algae that frequent hot 
springs may actually thrive at temperatures of 73°C. or slightly higher. 
Even our common crop plants show marked variations in their cardinal 
temperatures as may be illustrated by the appended table of cardinal 
points of growth. 



Minimum, 

degrees 

Centigrade 

Optimum, 

degrees 

Centigrade 

Maximum, 

degrees 

Centigrade 

WhitD DTDRt.a.rd (Sinapis alba) ' 

0.0 

21 

28 

Garden cress {LepidiuM sativum) 

1.8 

21 

28 

Barley (flordeum sativum) 

5.0 

28 

37.7 

Wheat ( Triticwm vulgar e) 

5.0 

29 

42.5 

Corn {Zea m'ays) 

9.4 

33.7 

46.2 

Squash (Cucurbita spp.) 

14.0 

34 

46.2 



Types of Heat Injury. — The principal types of heat injury are: (1) 
retarded growth and undersize or failure to mature the flowers and fruit; 
(2) localized killing of tissues or a sunburn or sun scald of leaves, flowers 
or fruits; (3) the localized killing of stem tissues or the formation of heat 
cankers; (4) defoliation or premature shedding of leaves; (5) premature 
ripening of fruits ; and (6) the death of the plant as the result of a general 
heat necrosis. It should, of course, be recognized that the high degrees 
of heat are frequently accompanied by intense sunshine and e.xtremes of 
drought which intensify the injury. Death of cells from high tempera- 
ture results when there is an irreparable destruction of the molecular 
structure of the cytoplasmic body. 

The dwarfing effect of high temperatures may be sfeen in the growth of 
our common garden asters when planted in the South. In regions where 
the summer temperatures average 95 to 100°F., they may produce an 
unbranched stem 6 or 10 inches high with a single flower not over an 
inch in diameter, as contrasted with the thrifty, branched growth with 
numerous chrysanthemum-like flowers that are normal in the more 
temperate climates of the North. 

The writer is inclined to attribute certain wheat failures that have 
been observed in the Pacific Northwest to early seeding combined with 
abnormally high temperatures. -It has been observed that under certain 
conditions winter wheat that was seeded about July 15 to Aug. 1 either 
made a very poor growth and gave a reduced yield or failed almost entirely. 
Entire fields of such early seeded wheat have been noted when the 
plants that did come through the winter made a sickly, chlorotic, stunted 
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growth and produced few or no heads. This permanent stunting appar- 
ently results when the young seedlings are subjected to temperatures 
which fluctuate slightly above or below the maximum temperature for 
growth. The failure of winter wheat to head when planted in the spring 
is probably due to light rather than heat (see Chap. IX on Diseases Due 
to Unfavorable Light Relations). 

During the periods of intense heat in the summer in the northern 
sections or frequently in the hot season in southern latitudes there may 
be more or less burning of leaves, flowers or fruits. With leaves there 
may be a death of marginal tissue or internal necrotic areas may be 
formed, in many cases the effects resembling drought injury. Injuries 
of this type may result when the tissues are suffused with water and the 
atmosphere is humid, or very similar effects may follow when transpira- 
tion is greatly accelerated by low humidity and high temperatures (see 
Tip Burn of the Potato). Somewhat similar injury of maples (Hartley 
and Merrill, 1915) and of cowpeas (Gibson, 1922) has been noted. The 
sun scald of beans described by McMillan has been attributed largely to 
light rather than to high temperatures (see Chap. IX on Diseases Due to 
Unfavorable Light Relations, p. 177). 

The appearance of sun-scald spots on the foliage of plants grown 
under glass is not uncommon. Isolated spots, lines of spots or dead 
streaks may be formed. These are attributed, in a large part, to the 
concentration of the heat by bubbles in the glass which act as burning 
lenses, and the lines of spots or streaks result from the shifting position 
of the sun. It has also been noted that water drops may act in a similar 
fashion as burning lenses, both in greenhouse cultures and in plants 
grown in the open. Spraying of delicate plant structures during the heat 
of the day may promote injury for the above reason and also from 
increased sensitiveness to heat due to a modified water relation. 

The scalding of flowers frequently results from high temperatures. 
The browning of the rays of dahlia flowers in the early blossoms produced 
during the periods of high temperature and intense sunshine is a notable 
example. Perfect flowers are formed later in the season when lower 
temperatures prevail. Many fruits suffer from sun scald or sunburn, 
especially those which are succulent. Even fruits like the apple may be 
severely burned, during periods of intense summer heat, especially the 
sun-exposed face of fruits hanging on the outer branches. Injuries of 
this type may be intensified by lime sulphur or other sulphur spray (see 
Spray Injury), but may occur independent of any spraying operations. 
Strawberries, grapes and other fruits may frequently be scalded when 
they are exposed to intense sunlight and high temperature following a 
humid period in which absorption was active, but transpiration checked. 
The sun scald of tomatoes is also a very common cause of complaint. 
Heat conditions which are not sufficiently intense to produce localized 
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injury may accelerate the ripening processes and lower the keeping 
qualities of the fruits that are prematurely ripened. 

Heat defoliation may occur in both deciduous and evergreen trees, and, 
according to various observers, the more exposed leaves or those occupy- 
ing a peripheral position are less likely to be cast than those in a more 
protected position within the crown. Although leaves can reduce 

their temperature by an active tran- 
spiration, under certain conditions 
their temperature may rise above the 
maximum which their tissues can tol- 
erate, and heat casting is the result. 

It is the belief that the inner leaves 
suffer first because of their greater 
sensitiveness to heat and also because 
the radiation of heat from them is 
retarded by the more exposed foliage. 

Seedlings of coniferous or decidu- 
ous trees maybe killed by high tem- 
perature, the injury being localized 

Fig. 47.-Heat canker of pine and beech f • 

seedlings. {Redrawn after Munch.) level, thuS resembling damping-off 

due to. fungi. Injuries of this type 
are not confined to tree seedlings but some of our crop plants suffer in 
a similar fashion (see Heat Canker of Flax). Not only seedlings but 
mature herbaceous plants may succumb from high temperatures during 
the intense heat of southern summers. A single illustration will empha- 
size this behavior. The common garden nasturtium will thrive and 
flower luxuriantly in the early part of the growing season in middle Texas, 
but suffers from “sunstroke” during the midsummer period of cloudless 
skies and temperatures ranging from 95 to 100°F. or more. 
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TIP BURN OF THE POTATO 

This disease of the potato is characterized by burning or browning of 
the tip and margins of the leaflets under the influence of excessive heat 
and sunshine. It is only in recent years that this physiological disturb- 
ance has been differentiated from the ^'hopper hum” a trouble which 
appears to be connected with the work of leaf hoppers. 

History. — A disease of the potato was described as bnrn’^ by Jones (1895), 
who characterized it as showing the death of the ‘deaves at their tips and margins, 
which portions dry, blacken and roll up or break off.” This disease was common in 
Vermont in 1894 and 1895 and was also sufficiently in evidence in Connecticut, 
Michigan and Wisconsin (Goff, 1896) to attract the attention of Experiment Station 
workers. From that time on, the disease was frequently mentioned in general 
considerations of potato diseases, but no detailed studies of the trouble were made 
until the work of Lutman (1919). During the same year (1919), Ball published vrork 
which pointed to leaf hoppers as the cause of the burning of the leaves, and therefore 
designated the trouble as ^'hopper burn.” The present recognition of two similar 
types of troubles, the one due to a physiological disturbance, the other to the work of 
leaf hoppers, makes it difficult to say to what extent the two diseases were present 
when the earlier studies were being made. Entomologists have been rather inclined 
to the belief that all tip burn is ^‘hopper burn” but Lutman (1923) believes that many 
of the earlier studies undoubtedly dealt only with the physiological form, and that 
hopper burn is a later development. A detailed study of the relation of the water 
pores and stomata of the potato leaf to the early stages and advance of the tip burn 
has been made by Lutman (1922), and he has also pointed out the differences between 
true tip burn and hopper burn (1923). 

Symptoms and Effects. — Tip burn is first in evidence as a slight 
wilting and yellowing of the tissues at the extreme tips of potato leaflets, 
or more rarely at the margin at some point back of the tip as well as 
at the tip. This yellowing is soon replaced by a browning and death of 
the tissues and the dead area is extended from the tip downward or from 
the margin inward until in extreme cases entire leaflets are brown and 
dead. The browning begins at the tip or margin and gradually advances 
downward or inward into the pale-green or chlorotic tissue. Under 
favorable conditions for the development of the disease the lesions may 
gradually advance, or the progress may be delayed or checked by the 
return of better growing conditions. - The amount of tip burn varies 
with the position of the leaves and is also influenced by the age and 
maturity of the leaves. Young leaves which are standing nearly upright 
appear to suffer the least, while the tip blight is more severe on those 
leaves which are older and occupy a position so that the sun strikes them 
more nearly at right angles to their surface. 

The older leaves droop so that only the tips of the end leaflets are exposed, 
but those of all of the leaflets may hang down and be struck by the tip burn. 
The oldest leaves are likely to be under the shade of those from the middle of the 
stem and so suffer less than those in the middle. If they are exposed at all they 
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.siiccuiiib readily, and all of the leaflets die in a few days. The earlier attacks, 
h(jwever, are likely to occur on the middle leaves and after they have become 
thoroughly scorched and dead the oldest leaves are exposed and in turn succumb 
(Lutman, 1919). 

Tip burn appears to reach its maximum severity in the New England 
states in late July or early August. Lutman records the killing of 
approximately 40 per cent of the foliage on certain plants by Aug. 17, 
in a typical outbreak of the disease in Vermont in 1917. This injury 
resulted during the preceding period of July 20 to Aug. 17. The physio- 
logical effect of this early loss of foliage must be apparent. The growing 



A 


Fig. 48.— Typical tip burn injuries. . Leaflets B and C were more or less rolled; leaflets 
marked D were not rolled to any extent. (After Ltdman, Vt Bui 214.) 

season is cut short and consequ^tly the yield will be correspondingly 
reduced. The losses are variab}^ with the season and in some environ- 
ments may be negligible, but the mea has been expressed that in the lower 
acre production of potatoes in tM United States, as a whole, over that of 
Germany and England, the tij^um plays a part next in importance to 
late blight and the Colorado potato beetle. 

Since tip burn and hopper bum may be working independently or 
simultaneously in a given environment, the distinguishing marks of the 
two troubles may be contrasted: (1) In hopper burn the vascular .S5's- 
tem leading from the midrib is the center of the disturbance, and the 
death of tissues advances outward, while in tip burn the death of tissues 
advances from the tip or margin inward. (2) Hopper burn is not 
restricted to any part of the leaf, but may involve any portion while 
the tip bum always starts at the extreme tip of a “leaflet or more 
rarely at the margin also. In hopper burn, characteristic P'-shaped 


DISEASES DUE TO HIGH TEMPERATURES 


141 


areas of dead tissue with the broad end marginal frequently result, a 
main lateral vein marking the center of each. 

Etiology. — Previous to the discovery of hopper burn there seems to 
have been a general agreement that tip burn of the potato was due to 
shortage of water during the hot periods of midsummer. In 1895 Jones 
stated: 

It is attributable to unfavorable conditions surrounding the plant especially 
to the hot, dry weather with insufficient water supply. It is aggravated by any 
other conditions which may tend to lower the general vigor of the plant, such as 
insufficient food supply, attacks of insects and the early blight fungus. This 
diffiicuity has not been observed to any serious degree upon plants until after 
they pass the blossoming period, and naturally begin to weaken. 

It has been pointed out by Lutman (1919) that the principal factors 
operative in producing tip burn are heat and the intensity of light. The 
disease seems to reach its greatest severity at the crest of heat waves or 
high-temperature periods, and it is significant that such periods are 
generally marked by minimum humidity and very intense sunshine. The 
potato makes its best growth during long, relatively cool, equable sum- 
mers, and in the South must be grown before the advent of the intense 
summer temperatures (Orton, 1913). In many portions of the southern 
United States, potatoes suffer with tip burn and ripen prematurely if 
planted too late, or if the hot weather comes too early. This heat 
burning of foliage is not uncommon in the South on various plants and is 
noticeable even in certain species of the native vegetation, especially in 
the lighter soils. The fact that temperature and light are more impor- 
tant than water shortage in producing the trouble can be noted by the 
behavior of plants which are not suffering from water shortage. 

It has been possible to produce tip burn under artificial conditions, 
the symptoms and effects agreeing in the main with the development of 
the disease under natural conditions. |> 

Sunlight may act either chemically to cause the destruction of important leaf 
constituents, e.g., chlorophyll, or it may so warm the leaf as greatly to accelerate 
the water loss (Lutman, 1919). 

If we think of transpiration or water loss as more than mere evapora- 
tion — an active process dependent upon the chemical and physical 
properties of the living substance — ^the influence of light and heat in 
accelerating the water loss may be appreciated. It seems probable that 
these changes take place and that the excessive water loss follows. The 
cells of the affected areas lose water until they are plasmolyzed or lose 
their turgidity and, w^hen the changes reach. a certain degree of intensity, 
recovery is impossible and the cells die. The parts which heat and light 
play in the production of tip burn have been demonstrated by shading, 
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since it has been possible to prevent or reduce the disease bj'- the use of 
muslin or cheesecloth screens. 

rhe greater freedom of the young leaves from tip burn is explained in 
two ways; (1) by their upright position, which causes the sunlight to fall 
more nearly parallel to their surfaces and thus gives them a measure of 
protection; and (2) by the higher concentration of the cell sap over that 
in the lower leaves, which retards the loss of water. It has also been 
pointed out that plants in the early part of the growing season have a 
higher sap concentration in the tissues of the foliage than elsewhere, but 
that with the oncoming or passage of the blossom stage the stalk tiiues 
have the highest osmotic pressure, especially during periods of low 
humidity and high temperatures. It seems probable that under such 
conditions the cells of the stalk may draiv upon the leaves as well as the 
roots for water. This will explain, in part at least, the greater sensitive- 
ness of the potato plant after it has reached the blossom stage. 

On cloudy, humid days, the pressure in the stalks tends to subside and a 
nearer approach to equilibrium becomes established between stalk and foliaee- 
Ihe advance of the tip bum then stops (Lutman, 1919). 

+1 ^ ®P6cial study has been made of the relation of water pores or hvda- 
thodes to the inception and advance of tip burn, and the following 
conclusions have been presented: ° 



of the J.ych,- 

tissue under the pores is indicated by dotting. 
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the browning and shriveling of the extreme tip of eaeh leaflet. The tissues die 
under the water pores along the side of the leaflet and apparently break the 
continuity of the water supply system of the marginal vein. 

3. The further advance of tip burn into the leaf is due to direct sunlight 
acting on the cells of the leaf leading to sueh an extreme plasmolysis that the 
cells are not able to recover. Associated with this plasmolysis is the destructive 
action of the smilight upon the chlorophyll bodies and the chlorophyll itself. 
This expresses itself in the yellowing of the green portion of the leaf in the region 
dead from tip burn (LutmaUy 1922). 

At this point it may be well to note that the etiology of the so-called 
hopper burn is not well understood. Ball (1919) reported it to be 
specific, that is, caused by a single species of leaf hopper (Empoasca mail 
Le B.) but not by other closely related species, and advanced the idea 
that hopper burn was an insect-transmitted trouble, somewhat similar to 
curly top of sugar beets. In 1922, Eyer reported that he had been able 
to produce hopper burn by injecting an extract of leaf hoppers, especially 
of the nymphs, into healthy plants and that the specific” from diseased 
plants may be reinoculated into healthy plants and again produce the 
characteristic burning. Lutman (1923) is of the opinion that his evi- 
dence is not conclusive and advances the theory that the leaf hopper, in 
sucking the Juice from the veins, 

. . . removes the water from the tubes and from the adjacent sieve tubes, 
companion cells and elongated parenchyma to such a degree that they plasmolyze 
and collapse to a point where they cannot regain their turgidity, and, as a conse- 
quence, they die and become brown in color. 

If this is true, it would not be necessary to assume the injection of a 
specific ^^ toxin ” or an inciting^ a 

Varietal Susceptibility.- — Different varieties show varying degrees of 
susceptibility to tip burn. In general, it may be stated that 

Early varieties are affected sooner and more seriously than later ones. The 
foliage of the latter often largely survives the weather producing tip burn and 
renews growth in September (Lutman, 1919). 

On the basis of studies in Vermont in 1915, Irish Cobbler, Boree, White 
Ohio and Triumph showed 100 per cent, and Early Ohio and Early Rose 
90 per cent of the foliage dead from tip burn on Aug. 23, while 15 other 
varieties under the same conditions showed from 5 to 30 per cent of the 
foliage dead. Very similar variety relations were noted during the 
season of 1916. The general observation has been made that potatoes 
suffer much more from tip burn on light, sandy soils than on the heavier 
soils, and a low potash content of the soil also seems to aggravate the 
trouble. 

It is of interest to note that some other crop plants show injuries 
similar to the tip burn of the potato during very hot summers. This is 
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true of lettuce when grown either in the open or under glass. Even the 
regions of commercial pi'oduction of head lettuce may have seasons that 
cause much tip burn, and in many such cases the injured leaves offer an 
easy center of origin for slimy, soft rot which may cause heavy losses in 
transit to market. 

Control— Since tip burn is the result of intense light and high tem- 
peratures combined with low humidity and frequently of water shortage 
in the soil, it cannot be entirely prevented in those regions in which the 
exciting factors are likely to be operative. The trouble may be reduced 
by giving attention to the following: (1) the selection of late varieties if 
experience shows that the early varieties suffer; (2) the avoidance of the 
lighter soils of an environment which may predispose to the disease; and 
(3) spraying to control flea beetles, leaf hoppers and other insects. Spray- 
ing with Bordeaux has been reported to give a protective action in the 
case of physiological tip burn alone, due possibly to a shading effect or to 
a retardation of transpiration. The use of Bordeaux as a repellent for 
leaf, hoppers has been recommended as the only practical method for the 
prevention of hopper burn^' (Dudley and Wilson, 1921; Parks and 
Clayton, 1923), 
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HEAT CANKER OF FLAX 

Flax plants may be injured in such a way as to cause them to break 
over at or near the ground line, and are then said to be affected with flax 
canker. Various factors are responsible for this behavior. A definite 
fungous canker, in the nature of a damping-off disease, due to Colleto- 
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trichiirn Uni Bolley, has been recognized in America and also in other 
parts of the world, but it seems to be definitely established that another 
type of wide occurrence is of a non-parasitic character, and due to high 
temperatures. For this reason the name of ^^heat canker of flax has 
been proposed. As a result of investigations carried on since 1916 it has 
been shown that the Colletotrichum canker is rather rare in the United 
States during some years, and, when present, affects seedlings in the main, 
while heat canker occurs “somewhat uniformly in the northern Great 
Plains area, and causes a marked loss in flax production.’^ 

Symptoms and Effects. — Heat canker is generally first noticed by 
plants breaking over at or near the ground level “as though whipped off 
by the winds or gnawed by insects.’^ 

This effect is due to the killing of the 
cortex of the stem above the ground 
line, while the plants are still young 
and tender. 

Generally speaking, if the injury occurs 
when the plants are less than 3 inches in 
height, the tissues collapse at the point of 
injury and the plants wither and die. If 
the injury occurs somewhat later, when the 
plants are 3 to 5 inches in height, only the 
cortex is killed, allowing the plants to topple 
over, but usually to remain alive for days or 
weeks because of the uninjured vascular 
system within. Only in rare instances are 
plants more than 5 inches in height injured 
in this way. Numerous more mature spec- 
imens of heat-cankered flax can be found, 
but in such cases growth continues after 
the. initial injury. Enlargement of the 
stem occurs just above and sometimes just 

below the injury. In most cankered plants Brmtsel, U, 3 . Dept, Agr, Bui, 1120.) 
the stem is severed, sooner or later, at the 

point of girdling by the winds or by the disintegration of the remaining tissues, 
due to the action of saprophytic organisms. Otherwise the plant dies when the 
starving roots can no longer support the increasing needs of the aerial portion 
(Reddy and Bren tzel, 1922). 

The marked constriction of the stem within the limits of the canker 
is due to the death and shrinkage of the cells of the cortex, while the 
enlargement above the canker is due to the interruption of the downward 
movement of elaborated food which can no longer be carried to the root 
system. In case the enlarged portion of the stem comes into contact 
with moist soil, adventitious roots may start, but under dry conditions 
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the\’ do not form. A somewhat similar form of trouble occurs in the 
drier areas of the Great Plains later in the season. 

Losses have been caused by the heat canker varying from slight to 
heavy with almost complete destruction of fields in isolated cases. In 
the experimental plots at Fargo, N. D., the per cent of cankered plants 
when unshaded ranged from 37.2 to 46. 


I'lQ. 51.— Basal portion of plants shown in Fig. 49 enlarged to show constricted areas and 
enlargements. {After Reddy and Brentzd, U. S. Dept. Ayr. Bid. 1120.) 


Etiology.— The heat canker of flax is the result of the high tempera- 
tures of surface layers of dry soil that are in immediate contact with the 
tender tissues of succulent young stems. The amount of the injury is 
apparently influenced by the compactness of the soil, the succulence of the 
tissues and the absolute temperature. In the heat-canker plats (Fargo) 
during 1920 and 1921 there were many days when the maximum soil 
temperature at a depth of inch varied from 40 to 50°C. (104 to 122“F.) 
while the temperature at the surface was in many cases 4.5 to 7°C. higher. 

The first evidence of the non-parasitic nature of the disease was 
obtained by making numerous cultures from typical cankers. No one 
organism was constantly pr^ent, none that were isolated were ever 
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capable of producing the disease when used in inoculations and in many 
attempts at isolation no organisms appeared. Field observations and 
tests in experimental plats gave evidence in favor of heat and light 
being the important causal agents. Some of these relations were as 
follows: (1) Canker was more severe in rows with wide than with close 
spacing and also more destructive in thin than in thick sowings; (2) a 
growth of weeds seemed to lessen the amount of the disease; (3) the 
shading by a cereal nurse crop had the same effect in reducing the canker 
as a weed crop; (4) providing partial canvas shade reduced the disease 
or prevented it entirely; (5) the canker was less when the soil was covered 
with a yellow sand to a depth of i^^h than on the same heavy dark soil 
unprotected by the sand layer; (6) a firm crusted surface soil seemed to 
favor the disease, while a mellow soil without a crust lessened it in 
amount; and (7) a cankered condition similar to heat canker was produced 
artificially. 

Heat canker always appeared following the days when the tempera- 
ture at the surface of the soil was high. The observations indicated 
^Hhat under conditions favorable for the production of heat canker the 
critical temperature is about 54°C.’^ When moisture and temperature 
conditions produce a soft, succulent growth of the young plants and this 
is followed by crusting of the surface and a period of critical temperatures, 
the heat canker is likely to develop, while the same temperatures will 
have a less injurious effect on plants which have made a firmer growth. 
Early seedings sometimes escape the trouble because they may pass the 
susceptible stage before the advent of high temperatures. 

The soil crust caused by rains brings the surface soil in immediate contact 
with the tender surfaces of the succulent young flax stems. Injury results wdien 
such surface layers in immediate contact with the tender living tissues reach the 
high temperatures. This surface crust may act as a conductor of heat to the 
plant. . . . The evidence, therefore, indicates that heat canker of flax results 
from a combination of succulence in young plants and high temperatures of the 
surface soil in immediate contact with such succulent tissues (Redd 3 ^andBrentz:el, 
1922). 

It is worthy of note that somewhat similar types of seedling injury 
have been ascribed to high temperatures. This has been reported for 
seedlings of buckwheat, beans, cowpeas, conifers, oaks, maple and vetch. 

Prevention. — Since the trouble is due to the high temperatures during 
the early period of growth, heat canker should be controlled either by 
seeding early, so that the seedlings pass the susceptible stage before the 
advent of the hot weather, or by adopting cultural practices that will 
partially shade the young plants and thus hold down the temperature of 
the surface soil. For this latter purpose higher rates of seeding and drill- 
ing north and south rather than east and west have been suggested. 
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CHAPTER VIII 


DISEASES DUE TO LOW TEMPERATURES 

Living plants, either growing or dormant, or plant products are likely 
to be subjected to temperatures sufficiently low to cause either death or 
injury. The character and extent of the injury will vary with the tem- 
perature and the condition of the plant or plant structures. 

General Effects of Low Temperatures. — In discussing the general 
effect of temperature upon growth it was pointed out that for each species, 
variety or strain there is a certain degree of warmth, the optimum 
which growth is most rapid. As the temperature sinks below this opti- 
mum, growth becomes less and less rapid, and finally ceases at the 
minimum. This retardation or checking of growth is the inevitable 
result of low temperature. A second effect of low temperature is the 
prevention of chlorophyll formation or the slower construction of this 
pigment, with the result that parts normally green may become yellow. 
In some plants or plant parts cold causes the development of red pigment, 
which apparently obscures the lesser degree of chlorophyll development. 
When the temperature sinks to a sufficient degree, freezing of plant tissue 
results, and death may follow, or with the rise of temperature, the frozen 
tissues may thaw out without any appreciable injury. 

The final result following exposure to low temperature will be variable, 
depending upon specific peculiarities of plants, moisture relations, length 
of exposure, degree of cold and other internal or external factors. It may 
suffice to say that the final results of the action of cold will fall into three 
groups: (1) recovery or return to normal with the advent of temperatures 
favorable to growth; (2) either the parts may be lost, malformed or dis- 
figured, or, in annuals, the entire plant may become a permanently 
deformed cripple for the rest of the growing season or, in perennials, may 
lead a struggling existence in a condition of lowered vitality for a period 
and finally attain normality, or the derangement may become more pro- 
nounced and end in death; and (3) the injury may be of the acute type 
in which sudden death of the plant is the outcome. 

How Freezing Causes Injury. — There has been much discussion as 
to how freezing causes the death of plant cells. According to an old 
theory it was believed to be due to the rupture of cells from the expansion 
of the cell sap during freezing, but this idea had to be discarded because 
it was found that in the majority of cases no ice crystals were formed 
witliin the cells when freezing occurred, but that w^ater was withdrawn 
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from the cells into the intercellular spaces where ice crystals first appeared. 
Only in case of very sudden freezing have ice crystals been noted to form 
at once within the cells. It is now generally agreed that this withdrawal 
of water from cells during the freezing processes the serious feature in 
freezing injury. If the structure or physical properties of the protoplasm 
of the plant cell have not suffered a permanent alteration, the cell sap 
may be reabsorbed when the ice crystals in the intercellular spaces melt 
and the cells, which were really plasmolyzed as a result of the withdrawal 
of water, again become turgid; but if the semipermeable character of the 
protoplasm has been permanently lost, no reabsorption takes place, 
the frozen tissues become soft and flaccid, and the intercellular moisture 
is rapidly lost by evaporation. With this extreme alteration of the 
physical properties of the cell, death is the invariable result, while less 
pronounced disturbances may cause only derangements of cell activities. 

Variation in Cold Resistance or Hardiness. — Plants show wide varia- 
tion in their tolerance of low temperatures. It is well known that 
tomatoes, potatoes, beans, cucurbits, corn, dahlias, etc. are extremely 
frost-sensitive, generally suffering acute injury with the first formation of 
ice crystals. Other annual plants, such as spinach, lettuce, the various 
cereals, etc., are much more frost-resistant, and in certain regions hardy 
varieties may even behave as winter annuals, beginning their growth in the 
faU of one season and completing it during the next. Contrast, for 
example, the difference in the frost resistance of dahlia roots or potato 
tubers, and the bulbs of such hardy plants as tulips, narcissi, jonquils, 
etc. In general, the crops of our temperate regions which have devel- 
oped the biennial habit, such as carrots, beets, parsnips, salsify, cabbage, 
etc., are frost-resistant. Some frost-sensitive plants which behave as 
annuals in temperate regions may become perennial in the moderate 
climate of southern regions. The perennials exhibit all gradations from 
tender to extremes of winter hardiness, and one of the tasks of the plant 
breeder is the production of hardy varieties of farm crops, fruit plants, and 
other desirable plants which will extend the range of profitable production. 

Hardiness Due to Water Retention.— The most probable of the 
various theories as to how death is caused by the. freezing process is the 
“desiccation ” theory of Miiller-Thurgau. This may be stated by saying 
that death results when a sufficient number of molecules of water are 


withdrawn from the protoplast so that its living structure is permanently 
destroyed. The fact that the rate of thawing of frozen tissue does not 


materially affect the amoirnt of injury is evidence that the real damage 
results from the initial separation of the water in the process of ice 
formation. 

Since water retention is the basis of hardiness, the main forces which 
are concerned in the water-retaining power may be noted. They are; 
(1) the osmotic concentration due to the various solutes or soluble com- 
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pounds in the cell sap of the vacuoles; and (2) the force of inabibition 
exerted by the cells and the living contents of the cells. It has been 
shown in numerous cases that hardy plants have a more concentrated 
sap than tender plants, but this does no appear to be a universal rule. 
The concentration of the cell sap may play a part in delaying the initial 
inception of crystal formation, but it appears to be an accompaniment of 
hardiness rather than its real cause. Special importance, however, must 
be attached to the power or force of imbibition, that is, to the holding of 
water by such phenomena as adsorption, adhesion and molecular capillar- 
ity, by the colloidal constituents of the living cells. 

It has been suggested that plant moisture may be /rec, or easily 
freezable, or imfree, or not easily freezable. The unfree water appears, to 
be held very largely by the protoplasmic colloids. 

The water-retaining power of colloids and the quantity of certain colloidal 
materials in the cell are thereby suggested as an explanation of increased water- 
retaining power and cold resistance in plants (Rosa, 1921). 

Water held by these colloids is not easily withdrawn by freezing, since 
it is held by a considerable force, and this must be overcome before ice 
crystals can form. 

It has further been suggested that the organic compounds known as 
pentosans are the specific substances which are responsible for the increased 
water-retaining power of resistant tissues. One of their characteristic 
properties is their power to swell and take up enormous quantities of 
water. Numerous analyses have shown that tissues or organs high in 
pentosan content are more resistant to freezing injury than similar 
structures with a lower pentosan content. 

The marked parallelism between pentosan content and hardiness indicates 
a causal relationship. Pentosan content alone, however, is not to be taken as 
an absolute index of cold resistance, since several factors may affect the function- 
ing of the pentosans as water-retaining {substances. Salt content, acidity, 
hydrogen-ion concentration, sugar, moisture, protoplasmic colloids other than 
pentosans and perhaps other factors constitute a varying complex which may 
influence water-retaining power and hardiness (Rosa, 1921). 

Frost Injury and Winter Injury. — For purposes of convenience, low- 
temperature injuries may be considered under the heads oi frost injury ^ or 
injuries which result from low temperatures after plants have started into 
growth in the spring, during the period of vegetative activity or before 
they have matured and entered their period of winter dormancy, and 
winter injury ^ or injuries that result from low temperatures after the end 
of the growing season or before growth starts in the spring. Frost injury 
involves mainly frost-sensitive annuals, or the foliage, • blossoms and 
young fruit of perennial plants, while in winter injury we may be con- 
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cerned with winter annuals, biennials or herbaceous perennials which 
retreat underground, or woody plants which normally pass the winter in 
a dormant condition, either with or without the shedding of their leaves. 

FROST INJURY 

Low -temperature Injury to Leaves. — In many plants the temperature 
at which chlorophyll ceases to be formed is higher than the minimum for 
growth, so that plants suffering from chlorosis due to cold may still con- 
tinue to grow slowly. The yellow color of early spring as noted in over- 
wintering rosettes, young seedlings of spring annuals or the tips of the 
first shoots or leaves from herbaceous perennials is the result of tempera- 


Fig. 52. —Frost curling of apple leaves. 


tures unfavorable for chlorophyll formation. With the advent of warm 
weather, the chorotic structures will become green if the chloroplasts have 
not been seriously damaged. Temperatures not sufficiently lo\v to have 
a killing effect upon the tissue may cause a clumping or disorganization of 
the chloroplasts, and normal greening may not occur even with favorable 
temperatures. Such affected leaves may persist through the life of the 
plant or they may blight before the end of the growing season. The 
pronounced yellowing of winter barley in the early spring is not an 
uncommon phenomenon. Low temperatures in connection with the 
saturation of the soil with water, which interferes with normal root 
activities, are the inciting factors. In some plants the temperatures 
which are unfavorable for chlorophyll formation induce the formation of 
a red pigment, anthocyanin, which is dissolved in the cell sap, and moder- 
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ate or intense reddening of the leaves is the result. In certain species of 
trees or shrubs, the first spring foliage may be highly colored with red, but 
this fades out with the arrival of warm weather. Certain varieties of 
winter wheat, if examined in the early spring, will show considerable 
reddening of the leaves, while in certain sections oats may show what has 
sometimes been called the red-leaf disease.'^ The autumnal coloration 
characteristic of senility in deciduous leaves is an accompaniment of 
internal changes leading to the transfer of plastic materials into the twigs 
or branches before the final leaf fall or the advent of killing frosts. 

The action of low temperatures on young leaves just unfolding from 
the bud may cause much crinkling, puckering or curling of leaf blades. 


Fig. 53. — Frost-lacerated and deformed leaves. A, horse chestnut; B, maple; C, lilac; 

Di apple; Ej linden. 

This effect is very common in the apple orchards of the Pacific Northwest 
and leaves showing these abnormalities are sometimes so similar in exter- 
nal appearance to those of peach leaf curl that orchardists are often led 
to believe that some infectious disease is prevalent. Leaves affected in 
this way are said to be ^Trost blistered,” since the lower epidermis is 
raised in places from the underlying mesophyll. The epidermis of these 
blistered areas may crack later, thus exposing the interior chlorenchyma, 
many of the cells of which may become more or less filamentous due to 
the release of the normal pressure of the lower epidermis. The Jonathan 
apple, for example, is very sensitive to frost blistering of the leaves, and 
all gradations of injury may occur. Slightly affected leaves may reach 
nearly normal size and persist through the entire growing season, others 
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more seriously injured may show some localized killing of cells and pre- 
mature fall is likely, while in the most extreme cases the blistered leaves 
may remain very much reduced in size, and dry up and fall. The blister- 
ing of the leaves is not so serious as might be supposed, for new leaves 
are formed which will take the place of those that are lost. A fair crop 
of apples may sometimes be produced by trees on which all of the first 
leaves show the most extreme type of frost blistering. 

In some seasons of late spring frosts, young leaves of some trees and 
shrubs may suffer localized injury by the killing or splitting of the tissues 
in the intercostal areas so that later the leaf blades may appear as if 
lacerated or torn. This laceration may be quite regular with the pro- 
duction of comb-like segments of the leaflets, as in the horse chestnut, or 
more irregular, as in lilacs or maples. In the case of stone fruits, such as 
cherries, plums, peaches or apricots, the low-temperature injury may take 
the form of an irregular shot holing of the leaf blades. The extreme 
effect of low temperature is the partial or complete blighting of the foliage. 
The affected leaves at first appear water soaked, due to the formation of 
the ice crystals in the intercellular spaces, and wdth the melting of the ice 
remain limp and flaccid, without any return of turgidity. The affected 
tissues become rapidly discolored and with the evaporation of the mois- 
ture become shriveled, curled and brittle and soon fall or weather away. 
It is worthy of note that all leaves of even frost-sensitive plants are not 
equally susceptible to death by freezing. Two bean plants, for example, 
growing side by side in the same hill, may have the leaves of one killed 
while those of the other suffer but little injury. 

Injury to Blossoms and Young Fruits.— The blossom buds, blossoms 
or young fruits of our tree fruits or other perennials which are developed 
in the early spring are frequently subjected to critical temperatures which 
cause a blighting of buds or blossoms and a consequent failure to set 
fruit, or, later, frosts may affect fruit that has already set and either 
cause it to drop or be malformed. 

The ''danger point'' for the blossom buds, open blossoms and setting 
fruits of pome and stone fruits shows a range of 5 to The blossom 
buds that are closed but showing color are more resistant than the open 
blossoms, while the setting fruits are still more sensitive. The killing 
temperatures according to various authorities vary for the different 
species and also within the species: (1) for closed buds that are showing 
color, 20 to . ; (2) for open blossoms, 25 to SOT, ; and (3) for setting 
fruit, 27 to 32T . In some localities the frequency of late spring frosts 
makes the production of certain crops unprofitable and uncertain. Even 
in the recognized fruit regions destructive frosts may occasionally cause 
almost complete losses, and experience must be the guide as to whether 
their frequency is sufficient to justify orchard heating or other frost- 
protective measures. 



Fig. 55. — One normal and several frost-injured heads of club wheat. (Photograph hy 

B. P. Dana.) 
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The essential organs of the flower, the stamens and pistils, are gener- 
ally more sensitive than the accessory parts. Injury by slight freezing 
may be marked by a discoloration of the pistil, which becomes brown or 
black, while surrounding parts show but little deviation from the normal, 
but at lower temperature there may be a complete blighting of all the 


A B 

Fig. 54. — Diagrams of sections of normal and frost-injured apples. A^ soon after 
the petals have fallen, showing central necrosis; B, when to 1 inch in diameter, showing 
peripheral necrosis. 

flower parts. The black eyes^^ of strawberry blossoms which have 
suffered a knockout blow by Jack Frost are typical of frost injury. The 
achenes and receptacle turn brown or black, while the petals remain 
unaffected. Young apples which have already set at the time of the 
killing frost may not show any external evidence of injury, but, if the 


fruit is cut across, the center may appear brown or almost black, due to 
the killing of the rudiments of the seed and some adjacent tissue. A high 
per cent of young fruits showing such internal discoloration of the seed 
cavities fails to develop further and these fruits are soon shed, while others 
less severely injured may make some growth and fall later, while still 
others may reach maturity but be undersized, irregular or one-sided with 
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sterile or seedless core cells. In some cases the severe temperatures are 
not experienced until the fruit is inch or more in diameter, and then 
the peripheral tissues may suffer more than the young seeds or the tissue 
adjacent to the core cavity. Most of the fruits showing this external 
injury fail to mature, but some continue their growth and show more or 
less internal necrosis of the pulp. This effect was not uncommon in 
Washington following a late freeze in 1920. 

Even a crop like wheat or rye may be injured by late spring freezes 
which occur about the time the young heads are emerging from the boot 
or when they are in blossom. Heavy damage occurred in winter wheat in 
certain sections of the Inland Empire of the Pacific Northwest, during 
the late freeze of 1919. In the most severe injury there was a complete 
sterility of the heads, with a complete loss of the crop, wdiile in other 
cases the freeze caused partial sterility only. Partial sterility due to late 
frosts is quite noticeable in some of the club wdieats, the sterile florets 
occupying either a basal or more rarely an intermediate position. Frost 
injury to the culms may accompany inflorescence injury or occur inde- 
pendently. As a result of freezing, the meristematic tissue at the base 
of certain internodes may be killed, and the culms break over later at the 
injured point. If such bent or lodged stems are examined, the base of 
the affected internode will be found to be shriveled and frequently some- 
what discolored. While upper nodes may be affected in this way, it seems 
probable that freezing of basal internodes in contact with the soil may 
cause similar injury and that such weakened tissues may offer little resist- 
ance to the inroads of soil-infesting fungi. 

Frost Russeting of Orchard Fruits. — Young fruits that are not killed 
by the action of frost may be disfigured or malformed. Russeting, or the 
formation of brown, rough areas on the skin that should otherwise be 
perfectly smooth, is one of the recognized effects of low temperatures 
during the early stages of growth. It should, ho'wever, be recognized 
that complete or partial russeting of the skin is a normal character in 
certain varieties of both apples and pears, and that other factors l:)esides 
low temperature may bring about russeting. Russeting is due to local- 
ized injury to the surface cells and the formation of cork cells beneath, 
which rupture the surface and cause the brown, rough skin. Frost 
russeting may occur in the form of a ring or band extending completely 
around the middle of a fruit. The retarded growth beneath the russeted 
band, causes a slight constriction. Such ''belted or banded’' fruits are 
not uncommon in apples and pears. In other cases, probably less fre- 
quently, russet rings, 3^^ inch or slightly more in diameter, may appear 
on the cheek of an apple, the russeted tissue being sharply marked off 
from the healthy tissue occupying the centers, but gradually fading out 
around the periphery. In some cases large irregular patches of russet 
skin may develop at either the calyx or stem end of a fruit, while scattered 
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or diffuse russeting may characterize the more moderate types of frost 
injury to the skin of fruits. 

Frost Injury of Sensitive Annuals. — It is a matter of common observa- 
tion that frost-sensitive annuals frequently suffer acute injury from 
spring freezing, leading to a blighting and death of parts or of the entire 
plant, but it is not so generally understood that less severe frost injury 
may find expression in the production of permanently dwarfed and 
crippled individuals. Such injured plants may make a poor growth and 
survive for the entire growing season, with little or no fruit production. 
This behavior is not uncommon in such frost-sensitive plants as beans or 


Fig. 56. — “Belted fruits.” A, apple; B, pear. 

cucumbers. The leaves of such plants may be irregular or more or less 
deformed, chlorosis of parts may be a marked symptom, while blistering 
or bronzing of the surfaces may cause still further injury. 

Armualism in Biennials— The normal growth of biennials, like car- 
rots, beets, parsnips, etc., during the first season is marked by a vegetative 
development, the emphasis being placed on food storage in the fleshy root 
to provide for the production of the inflorescence early the next season. 
It is amatter of common observation that such biennials sometimes pro- 
duce their inflorescences during the first season of growth. This phenom- 
enon is very common during some seasons, while in others it is absent 
or rare. The roots of plants that blossom the first year are of lowered 
quality, due to a more woody structure and modified chemical composi- 
tion. This may be illustrated by the sugar beet, the roots of annual 
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plants showing lesser amounts of potash, phosphorus, sulphur and nitro- 
genous compounds than the roots of normal plants, while there may also 
be a very material reduction in the sugar content. This is a condition 
which might be expected, since the inflorescence is developed at the 
expense of the plastic reserves. This annualism of biennials may be 
either a character transmitted by the seed or due to the operation of 
environmental factors. 

It may be noted that there is direct experimental evidence that 
spring frosts during the young stages of growth may furnish the stimulus 
that initiates the reproductive function. The undercooling of the proto- 
plasm during the spring frosts causes a cessation of growth, and this rest 
period appears to have the same effect on the nutritive processes as the 
normal period of winter rest. It is also stated that the later the frost the 
greater the likelihood that flowering will be induced. It has been shown 
that subjecting kohlrabi seedlings to —2 to “~6.5°G. for 10 hours wdll 
induce flowering in 30 to 40 per cent of the undercooled plants. It should 
not be understood that undercooling is the only cause of annualism, since 
it is known that other nutritional disturbances may lead to similar results 
length of day in celery), 

WINTER INJURY 

Cold Injury to Harvested Crops. — Low temperatures at the end of 
the growing season or during the period of dormancy or storage may 
cause injury to root crops or fruit. The principal effects of exposure to 
low temperature are: (1) The turning sweet of such crops as potatoes, 
cabbage, etc. when the temperature does not go too lo’w. This gives a 
desirable flavor to cabbage but an undesirable one to potatoes. (2) The 
localized killing of tissue or an internal frost necrosis, as illustrated by 
potato, apple and cabbage. The internal black spot of the latter appears 
to be a frost necrosis. (3) Freezing solid, after which the tissues may 
become soft and watery with the rise in temperature, and may suffer 
ready invasion by bacteria or fungi, or, in some hardy products, there 
may be a return to normal (see detailed consideration of low temper- 
ature injury of potatoes, p. 165). 

T3^es of Winter Injury to Dormant Plants. — The degree of winter 
injury to perennial plants, either herbaceous or woody, varies from the 
most acute effects resulting in death of the plant to localized injury affect- 
ing certain organs and evident by either internal or external changes, such . 
as twig blight, dieback, root killing, bud injury, frost cracks, cankers, 
winter sun scald, crown or collar rot, little leaf and internal necrosis or 
blackheart. 

Winter killing of winter annuals like wheat, spinach, onions, etc. is 
frequently responsible for heavy losses, , In some localities which nor- 
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mally produce winter wheat, 75 per cent of the fields may be killed out to 
such a degree as to necessitate reseeding. It is the belief of the writer 
that winter injury of wheat causes more loss in the Pacific Northwest 
than the very prevalent bunt or stinking smut, yet but little attention is 
being directed to this problem. The death of herbaceous perennials 
during unfavorable winters is of common occurrence. Perhaps the most 
numerous complaints are of losses to such crops as alfalfa or strawberries. 
Injured plants may be killed outright, while in other cases, with the advent 
of spring, there is still a faint spark of life and growth starts, but the 
vitality has been so weakened that death follows this last struggle for 
survival. This is well illustrated in the strawberry, in which the roots 
and lower portion of the crown are killed while the terminal bud and some 
adjacent tissue remain alive. In the extreme cases the buds start into 
growth, but there are no old roots to function and new roots are not 
formed; consequently survival is impossible. The exact behavior will 
depend on the amount of the crown that has survived the winter. 

Trees and shrubs, including fruit, shade and forest plantings, fre- 
quently suffer severely during tests winters, even in regions to which 
they are supposed to be adapted. When woody plants are’ apparently 
normal at the close of the growing season, but fail to start into growth in 
the spring, the presumption is in favor of death by freezing. A condition 
in apricot, almond and other stone fruits and more rarely in other than 
stone fruits, in which the tree dies suddenly as it is coming out in the 
spring, is characterized by stagnation and fermentation of the sap in 
bark, cambium and young wood. This so-called ^^sour sap^^ disease is 
but another type of winter injury. 

Twig Blight or Diebacb. — Woody plants exhibit two general types of 
twig growth: (1) a definite or determinate annual growth, in which the 
twig normally completes its elongation and develops its terminal and 
other buds by the end of the growing season; (2) indefinite or indetermi- 
nate annual growth, in which the twigs make no provision for the winter, 
but continue to elongate until checked by cold. The young, terminal, 
tender internodes of the latter are invariably killed by the early freezes, so 
that the new growth comes from lateral buds in the more basal parts. 
This may be illustrated by the behavior of such plants as the rose, sumac, 
elder, mulberry, brambles, etc. Dieback is then a normal phenomenon 
in woody plants having the indefinite annual growth. In many woody 
plants of the determinate type, twig blight, or dieback, may also occur, 
since all the twigs are not always sufficiently matured to resist injury by 
the time of the early winter freezes. In the majority of apples trees, for 
example, there will be a limited amount of dieback or twig blight almost 
any season, but this is ignored unless it becomes more abundant and 
severe. When twig blight is general or when the death of the larger 
branches takes place, the grower is rightly concerned with the damage, 
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because of its effect upon production and the health of the trees. Species 
of trees which show a natural tendency to gummosis when tissues are 
kdled by any means will generally show conspicuous gumming of winter- 
killed branches. This accompaniment of gummosis is very common in 
the cherry and other stone fruits. Twigs or branches that are killed 
back or very much lowered in their vitality are easily invaded by semi 
parasitic fungi, such as Cytospora, Nectria and similar forms. Even 
such a parasite as Sphmropsis malorum frequently starts its growth in 
winter-killed twigs or branches and then continues into the living tissues 
Certain species of our fruit trees may show an inherent tendency to grow 
late into the fall without maturing their wood, and consequently will be 
tender, but m others the failure properly to mature the wood maybe 
induced by excess of soil moisture, overfertility of the soil or by various 
cultural practices. Dieback is not confined to deciduous trees^but mav 
cause severe injury in forest or cultivated evergreens. 

• buds, especially flower buds, may occur 

independent of dieback or in connection with it. In general, the pistils 
are the most sensitive of the flower structures, and may be killed or 
injured when other flower parts are uninjured. The winter killing of 
Pnflowf and other stone fruits is a fairly common phenomefon. 

Following the injury, the internal tissues will show a brown coloration 
and the injured bud will dry up and drop off in the early spring Whiter 
mjury of apple and pear buds is not so common as in stone fruils, but it i 

wmppie (1912) m Montana. According to this author: 

and between winter-injured apple and pear fruit buds 

and those of stone fruits is that the former have other possibilities than he rvrf 
duction of flowers. In other words, when a fruit bud nf tliA t ~ 

W the tads do open after the flower buda taaide them m kairf f"1 

-L fninred trS^d “'n.rj'aS fZ, 

to the fomatiop of iwera tSIh Sia Tri 

recorded by Whipple are: flowers as full and dnni ! ^ ^ 

stamens or pistils - others with nitstllQ ^ + ^^ubie as a rose without 

tibhop-hke 

atemena both absent, other parte perfect; piatik and 
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absent, other parts perfect; and petals absent but other parts normal. 
The deformed flowers in many cases were noted to produce abnormal 
fruits, the principal effects being dwarfing, abnormal form and seedless 
or coreless types. 

The winter killing of fruit buds may result when they are in a condi- 
tion of normal dormancy, provided the temperature drops to a suiEciently 
low point. Normal dormancy is difficult to define or determine, so it is 
hardly possible to specify absolute temperatures which will cause the 
killing of buds in any variety. While killing of buds may be the result of 
absolute cold alone, in many environments it is more likely to be due to 
one or the other of the following: (1) early December freezes while the 
buds are still immature or not properly hardened; or (2) late freezes 
following unreasonably warm weather which starts the buds into activity. 

Root Killing. — Under certain conditions trees may suffer from 
winter killing of the roots. It has been shown that the roots are more 
tender than the parts above ground and that the small absorbing rootlets 
are less hard}’' than the larger roots nearer the crown. Localized or 
general root killing may result and, if there is a general dieback of young 
roots, the absorbing power of the root system may be seriously impaired, 
with the result that the affected trees make a poor growth. A more 
general killing of large roots may cause the wilting and death of branches 
or of the entire tree later in the season after it is in foliage or even after 
fruit has set. While the young roots are the most tender parts of the 
root system, they are not injured as frequently as the larger roots near 
the crown which are more hardy, because the former are generally deeper 
in the soil and consequently in a more protected position. 

It is well known that bare ground will freeze deeper than soil pro- 
tected by a snow cover or by a cover of vegetation. Root injury is, 
therefore, most likely to occur in snowless winters or from extremes of 
cold when the ground is bare ; it is also especially favored by light, sandy 
soils with poor water-holding capacity. 

Frost Cankers.— Localized killing of the bark or of the bark and 
cambium may result from low winter temperatures. The dead areas are 
the most frequent on the exposed faces of large limbs, at the forks or 
crotches of the larger limbs, upon the southwest side of the main trunk 
(winter sun scald) or at the base of the trunk (crown or collar rot). 
Bark cankers may vary in size from small circular or irregular areas on 
limbs or trunk to extended dead patches which may occupy one side of 
trunk or branch or completely girdle the bark. The injured area will 
first show a deviation from the normal in color, and this is followed by 
sinking and cracking as the dead tissue dries out. Winter injury cankers 
may be superficial, involving only outer portions of the bark, while others 
may be deep, involving the inner bark as well as the cambium. Super- 
ficial cankers may cause but little injury, although th^^ may offer an 
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avenue of entrance for certain fungi, but the deep cankers are of more 
serious character, as they may eventually lead to open wounds which 
expose the wood, and allow the entrance of wood-destroying fungi. 
Crotch cankers, winter sun-scald cankers, and collar-rot cankers are 
generally deep seated and seriously menace the life of trees (see special 
treatment of winter sun scald). 

Frost Cracks. — The splitting of trunks or large limbs of forest, shade 
and fruit trees is not uncommon, but it appears to be least frequent in 
fruit trees. There are two forms of this type of winter injury: (1) 
longitudinal cracks which extend radially from the bark through the 


Fig. 57. — Section of tree trunk showing both longitudinal and radial frost cracks. {AfUr 

Negev.) 

sapwood to the center of the tree or beyond; and (2) “cup shake” or 
cleavage along an annual ring involving a small or an extended part of 
the circumference. The former is supposed to be due to a rapid contrac- 
tion of the bark and outer wood, as a result of a sudden drop in tempera- 
ture, while the warm inner wood does not contract; the latter or the 
“cup shake” is supposed to be due to the sudden warming of the outer 
layers of wood while the inner tissues are still cold. Frost cracks may 
cause little real harm if the separated tissues come together and heal 
without the entrance of wood-rotting fungi. 

The Little-leaf Condition. — Under certain conditions fruit trees, 
especially apples, show a trouble which has sometimes been called the 
“little-leaf disease.” This appears to be a type of winter injury that is 
especially prevalent in orchards in light or gravelly soils with poor water- 
holding capacity. In this trouble the tree may start into leaf at the nor- 
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mal time or with only slight delay, but single branches, groups of branches 
or the entire tree may be so affected that the growth of the leaf clusters 
is checked before full size is attained and death results. In the extreme 
cases the leaf buds burst the bud scales and expose the clusters of young 
leaves which may wither and dry up without any further growth. There 
are all gradations between this condition and those which make a nearly 
normal development. Wilting and death may be delayed until the 
leaves are half size or even until later in the season, while in other cases 
the limb or tree survives but with foliage of reduced size and frequently 
of poor color. This progressive death of branches as the season advances 
often leads orchardists to believe that some infectious disease is spreading 
throughout the orchard. This type of winter injury appears when 
there is an absence of any evident lesions on roots, trunk or crown (see 
also Crown or Collar Rot). These symptoms may result from root 
injury or when both roots and body tissue suffer derangement, or when 
body vitality has been greatly impaired. It is perhaps contrary to the 
popular conception of winter injury that the death of parts should be 
delayed until late in the season, but such behavior is not uncommon in 
the less acute types of injury. An interesting case of the delayed effects 
of winter injury was observed in some Washington cherry orchards in 
1920 following the severe freezes of early December in 1919. Just 
previous to maturity of the fruit or even later, the foliage would wilt and 
dry up and the fruit shrivel. Much of the fruit froni these trees showed 
a very poor keeping quality in transportation to market, apparently 
suffering because of the weakened vitality of the trees. 

Blackheart or Internal Recrosis.—The pith and heart wood or the 
sapwood also may show a pronounced blackening following severe winter 
conditions. This change may occur without the killing of the cambium, 
which will continue its activity and produce new healthy sapwood. 
Blackheart may occur in either young or old trees, and is a very common 
condition in apple trees in the northern range of apple culture. Trees 
showing blackheart may continue for years with little or no external 
evidence of the internal derangement. Trees which have developed the 
internal necrosis are very susceptible to the inroads of wood-destroying 
fungi, the necrotic tissue being much less resistant to the advance of 
certain fungi than normal wood. Not all cases of blackheart are due to 
winter injury, since it appears to be a characteristic feature of silver leaf 
when healthy trees are invaded by Stereum purpureum. It appears that 
essentially the same changes in the tissues may result from either fungous 
invasion or freezing. A silvering of the foliage appears to be one of the 
aftereffects in both cases. Silvering of the foliage as an aftereffect of 
winter injury has been noted in the apple, A pronounced case was noted 
in the prune orchards of the Walla Walla, Wash., district following the 
severe winter of 1919 and 1920. 
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Factors Meeting Winter Injury. — The degree and the type of winter 
injury will be influenced by the condition of the plant as well as by 
the combination of unfavorable weather conditions. It is not alone the 
absolute temperature or the minimum cold which is of importance but the 
time in the period of dormancy when the cold is experienced, and whether 
gradual or sudden changes occur. Periods of zero weather in December 
are very likely to cause severe injury, because the tissues have not yet 
become hardened by the longer action of moderate cold. Periods of zero 
weather following moderate weather which starts tissues into activity 
are also likely to induce heavy injury. The presence or the absence of a 
snow cover at the time of the heavy freezes is also a matter of much 
importance. 

The type and the severity of winter injury will be influenced by the 
following factors : (1) the species or kind of crop and by the variety within 
the species; (2) the age in the case of perennial plants; (3) the degree of 
dormancy of the plant, as a whole, or of special parts at the time of 
critical temperatures. Some of the factors which affect not only dor- 
mancy but other features which influence hardiness are: (1) kind or 
degree of pruning; (2) the amount of crop produced the previous season ; 
(3) the heat and light income during the growing season, especially during 
the late fall; (4) the physical characters of the soil and subsoil; (5) the 
natural fertility of the soil or the fertilizing practices; (6) the site with 
reference to soil moisture or drainage conditions; (7) the time of irrigation 

and the amount of water used; and (8) the presence or absence of cover 
crops. 
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LOW-TEMPERATURE INJURY OF POTATOES 

Potato shoots are especially frost-sensitive and are frequently killed 
by late spring frosts or by early fall frosts. A frost necrosis of leaves 
in the nature of minute brown spots on leaves otherwise normal has been 
attributed to low temperatures (Macmillan, 1920). Growers, dealers 
and consumers are probably more concerned with the effects of low temper- 
atures upon the tubers, either at maturity in the field, during late harvest- 
ing or during storage or transit to market. 

Symptoms and Effects. — Three distinct types of injury to potato 
tubers may result from the action of low temperatures: 
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1. Freezing Solid— Tnhets held at a temperature at or below the 
freezing point for potato tissue freeze solid, either the entire tuber or 
on one side or end. Tubers close to the surface of the ground or slightly- 
protruding are sometimes caught by the sudden early freezes. When 
frozen tissues are killed and then thaw out, decompositions set in, the 
tissue becomes softened, the skin is raised and ruptured by gas accumula- 
tions and a watery exudate oozes out. The cells beneath the skin are 
loosened by the solution of the middle lamellae, and a cut surface immedi- 
ately turns brown. In case of partial freezing a dark line may separate 
the frozen tissue from the normal. In many cases decay by either 
bacteria or fungi will set in and the partially frozen tubers will be still 
more injured, while under other conditions the frozen tissues may dry 



Fig, 58. — Net and ring types of frost necrosis of potato. A, intense net discolorations 
in both medulla and cortex; B, intense ring type somewhat complicated by blotch. (After 
Jones, Miller and Bailey, TFw. Res, BuL 46.) 

out and shrink without decay, and later may appear dry, whiter and 
more powdery than normal. 

2. Turning Sweet — Tubers which have been stored for a number of 
weeks at temperatures closely approaching the freezing point for potato 
tissue develop a sweetish taste. This “turning sweet'' has been thought 
by some to be due to slight freezing, and has been popularly termed “ chill- 
ing." While this sweetish taste may be objectionable, it causes no 
lasting injury, since the tubers will again become normal with exposure 
to higher temperatures. 

3. Internal Frost Wecrom.— Tubers which have been subjected to low 
temperatures but not sufficiently low or sufficiently long to freeze solid, 
may develop internal discolorations or necrotic areas which are evident 
upon cutting into the flesh. Three different types of discolorations have 
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been recognized as due to low temperatures: (1) the blotch type, appearing 
as ovoidal or irregular patches ranging from a slight metallic tinge to 
opaque gray, dark brown or almost sooty black, and located most fre- 
quently in the cortex or in the vascular ring, although sometimes present 
in the pith; (2) the ring type, characterized by lesions in, or adjacent to, 
the vascular ring making a continuous or broken ring, narrow and distinct, 
or broader and more diffuse, and showing the same shades of color as in 
the blotch type; and (3) the net type, evident as a browning or blackening 
of the fine ramifications of the vascular elements, so arranged as to give a 
broken, net-like pattern, either exterior to, or within, the vascular ring. 



Fig. 59. — -Blotch type of frost necrosis of potato. JL, longitudinal section; B, cross- 
section showing intense vascular and cortical blotches that were evident on the exterior 
as dark areas. {After Jones^ Miller and Bailey, Wis. Res. Bui. 46.) 

The internal necroses are most evident towards the stem end of the tuber 
and in slight injuries may be restricted entirely to that part. They 
are not indicated by any external markings and the injury is generally 
evident only when the affected tubers are cut in two. 

It is true that if the internal lesions are very extensive such tubers will tend 
to wilt or shrivel worse than the normal ones and show internal pitting when cut. 
Also, Fusarium dry rot attacks them rather more frequently, probably following 
up the dead vascular areas from the stem-end tissues. So far as can be judged 
from general observations, such Fusarium invasion in its earlier stages merely 
intensifies the injuries, slowly increasing their area and giving the tissues a 
darker color, but not essentially changing their type (Jones et al, 1919). 
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If this proceeds to the later stages of dry rot the distinguishing symp- 
toms of frost necrosis are soon obliterated (Jones et aL, 1919). Black- 
heart (p. 128) and other internal lesions may complicate those of frost 
necrosis. Special mention should be made of the possible confusion of 
the net type with the heritable net necrosis of leaf roll, and of similarities 
of the ring type to the bundle browning which frequently accompanies 
the wilt diseases. In the case of frost necrosis, some of the tubers will 
show one type of lesion, while other types will be found in other tubers 
of the same lot, hence the examination of a considerable number of tubers 
should make a diagnosis fairly certain. 

The injury to tubers intended for table use depends on the extent of 
the internal necroses and the degree to which rot-producing organisms 
become established. Frost-injured tubers are not reliable for seed pur- 
poses although the eyes are more resistant to freezing injury than the 
balance of the tuber tissues, and will not be killed by mild injury. The 
two objections to moderately frost-injured tubers are: (1) the slower 
growth of the sprouts; and (2) the greater liability of the seed pieces 
rotting before the young plants have become well established on their 
own root system. 

Etiology.— The freezing point of potatoes is below the freezing point 
of water, since their sap is a solution of salts, sugar and various other 
soluble materials. It has been shown that the expressed sap freezes at a 
point closer to 32°F. than the potato tissue itself (30.8®F. according to 
Muller-Thurgau, 1880). The actual freezing point of potatoes varies 
with the variety and with the condition of the tubers. The freezing point 
for potatoes during storage has been given as 28 to 26'^F. by Applenian 
(1912), while Wright and Harvey (1921) determined the freezing point of 
18 different varieties by the thermoelectric method to vary from 29.66 to 
28.13°F. It was also shown that the freezing point tends to rise as the 
season advances, and that early and midseason varieties have a higher 
freezing point than late varieties. Potatoes, like other plant tissue, must 
be undercooled before they will freeze, that is, the temperatures must 
fall below the actual freezing point before the formation of ice ciystals 
begins. The temperature then rapidly rises to the freezing point. The 
undercooling range is variable and depends on the variety, the rapidity 
of the temperature fall and the air temperature. This ma}* be iilustrated 
by two cases, one showing undercooling to 20.2"^. and freezing at 29.15'' 
F., while the other undercooled to 23''F. and froze at 29.15°F. 

As undercooling advances, the stability of the liquid state of the sap within the 
tissue becomes more and more strained until a point is reached when the slightest 
perceptible jar will terminate the undercooling and freezing will begin instantly 
(Wright and Harvey, 1921). 

But undercooling may be terminated at any temperature below the 
freezing point. 
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The turning sweet of potatoes may be noticeable at 35°F., but it has 
been shown to take place most rapidly at the freezing point of water or 
below (Appleman, 19i2)j when the temperature does not drop sufficiently 
low to cause freezing solid. This change is due to the gradual transforma- 
tion of starch into sugar which, with the retarding of the life processes, 
accumulates in the cell sap. This increased concentration of the cell sap 
may have a protective value by lowering the freezing point. When 
potatoes which have turned sweet are again exposed to higher tempera- 
tures (10°C. or more), respiration becomes more active and the sugar is 
consumed. Sudden lowering of the temperature will not cause potatoes 
to become sweet, but they must be exposed to unfavorable temperatures 
for a fairly extended period, as the sugar accumulation is a slow process. 

The various types and patterns of internal discolorations which are 
characteristic of frost necrosis in potatoes under storage conditions have 
been produced experimentally. According to Jones et al. (1919): 

In general, frost necrosis will appear in at least a portion of tubers which are 
subjected to a temperature of — 10°C. for 1 hour, to —5^0. for 2 hours or to 
”-3®C. or slightly lower temperatures for several hours. 

This conclusion was based on tests made with the Rural New Yorker. 
Wright and Taylor (1921) using seven different varieties at 28®F. found 
very little internal necrosis with exposures up to 48 hours, but, with 
exposure for 70 hours, 31 per cent showed injury. When held at 25°F. 
for 5 hours there was no injury, but for 19 hours 16% per cent were 
injured, for 24 hours 46.7 were injured, while exposure for 43 hours 
injured over 52 per cent, a few being frozen solid. 

Frost necrosis is due to localized formation of ice crystals with the 
resulting death of the cells. 

Since the lesions of frost necrosis result directly from the oxidation of cells 
killed during the freezing process, they are not evident in tubers when they are 
first removed from the freezing chamber but appear only after such tubers have 
been exposed to warm air for several hours (Jones et al., 1919). 

According to these authors the color changes which occur during the 
oxidation process 

. . . range through pinks, browns and grays and seem to develop simultane- 
ously throughout the injured tissues. The time required for the ultimate dark 
color to be reached depends in part upon the air temperature; thus, at tempera- 
tures of 10 to IS'^C. from 10 to 12 hours were required, while at 25 to 30®C. only 
5 or 6 hours were necessary. There was no evidence that the rate of thawing 
influenced the degree of injury nor that tissues which had received severe freezing 
injuries blackened more rapidly than did those with lesser injuries. 

The act of terminating the undercooling process after the freezing 
point has been passed, by some mechanical means, such as jarring or 
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tapping, lias been termed ^'inoculation/^ The closer the temperature is 
to the actual temperature necessary' for crystal formation, the easier does 
inoculation take place. "When undercooled, jarring resulting from 
rough handling or incidental to hauling is liable to cause potatoes to 
freeze'' (Wright and Taylor, 1921). This effect of jarring has been 
shown by experimental tests in which under cooled potatoes were dropped 
certain distances. When undercooled to 28°F. and dropped 2 feet, 
potatoes bruised badly and showed severe freezing injury, but when 
dropped 1 foot they did not bruise but showed freezing injury, while 
when dropped once 6, 4 and 2 inches no injury resulted, but when drop- 
ped six times frost injury followed. When undercooled to 25 °F. potatoes 
are more sensitive to jarring than they are at 28 °F. The danger of han- 
dling potatoes when undercooled is illustrated by the severe freezing 
injury which resulted when sacks of potatoes held at 28 °F. wwe rolled 
across the floor a distance of 50 feet. 

Prevention of Freezing Injury. — Tuber injury may result from low 
temperatures before digging or during storage or transit to market. The 
following preventive features may be emphasized: (1) Dig the crop 
before severe frosts. (2) Maintain the temperature of the storage room 
as nearly as possible between 35 to 40°F. This will prevent the potatoes 
from turning sweet and also will prevent internal necrosis. If potatoes 
are not handled, little or no injury will result if the temperature drops 
for some time to 28°F., but potatoes held at 32T. have given poorer 
results for seed (Wollney, 1889) than those stored at higher temperatui’es. 
(3) Potatoes shipped during cold weather should be provided with 
artificial heat and should be so loaded as to provide for a free cmciilation 
of the air to all portions of the car. (4) Avoid the handling of under- 
cooled potatoes until the temperature has risen above the freezing point. 
In cases of heavy freezing injury it has been shown that the affected 
potatoes are still of value for the production of starch, as freezing does not 
affect the starch grains (Edson, 1918). 
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CROWN ROT OF TREES 

The term crown rot^’ or collar rot’’ is used to designate a bark 
disease in which the primary lesions are located in the bark of the basal 
part of the tree trunk or on adjacent portions of the large roots. Split- 
ting and death of bark are followed by decay and the affected tree may be 
partially or completely girdled, resulting in serious derangement of func- 
tions or in death. 

Symptoms and Effects. — The most striking symptoms of crown rot of 
fruit trees can be noted during the growing season following the dormant 
season in which the initial injury occurred. The following are the 
noticeable features: (1) a scant foliage with leaves of small size; (2) pallor 
or chlorosis of the foliage; and (3) a sickly coloration of the bark of trunk 
and limbs, especially in smooth-barked species. In the apple, for example, 
the bark assumes a reddish-yellow cast which makes it possible easily to 
pick out the affected trees from a distance. A portion of the tree or the 
entire tree may show the symptoms of the disease. 

The symptoms described are practically certain indications of the 
presence of well-developed lesions at the base of the trunk or on the larger 
roots, whei-e bark will be found to be dead and discolored, either on one 
side of the trunk or completely encircling it. The bark soon becomes 
sunken, cracks or fissures may appear and during the progress of the 
season the dead bark disintegrates and weathers away somewhat and 
finally the underlying wood may be more or less exposed. The injured 
bark may be largely at the ground line and below, at the junction of large 
roots with the trunk, or it may be at the ground line and extend 12 to 18 
inches or more up the trunk. Especially in portions of lesions protected 
by the soil the outer portion of the bark may be left intact while the inner 
portions may disintegrate into a granular mass which becomes powdery 
when dry. The wood beneath affected bark may become brownish or 
even charred in appearance. Lesions may extend gradually, advancing 
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downward most rapidly, less rapidly upward and rather slowly laterally. 
If bark disintegration is checked, callus may be formed and more or less 
healing of the wound may follow. In some cases all of the bark is not 
killed down to the cambium and under favorable conditions regeneration 
of tissue may occur in sufficient amount to prevent the development of 
an open canker. 

The final result of crown rot will depend on the depth and surface 
extent of the lesions, and probably also on the soil and moisture conditions 
which prevail during the season following the initial injury, while the 
abundance of wood-destrojdng fungi in the environment may play a part. 
In the severe type in which the bark is killed down to and including the 
cambium serious results are likely to follow. Complete girdling will, of 
course, prove fatal unless bridge grafting is resorted to, and cankers 
involving three-fourths of the circumference of the trunk wall cause 
serious interference with the life of the tree. Cankers involving only 
part of the circumference may be extended the next season and cause 
complete girdling or the advance may be checked. 

Etiology.^ — survey of the literature concerning collar rot shows that 
troubles having very much the same symptomology have been attributed 
to a variety of causes. Most of the evidence points to the fact that the 
disease in the majority of cases is but one phase of winter injury somew'hat 
akin to winter sun scMd and crotch cankers. Collar rot or root rot may, 
however, occur independent of winter injury, sometimes being due to 
bacterial invasion (see Fire Blight) or various fungous parasites (see 
Mushroom Root Rot). Headden (1908-1910) in Colorado has attributed 
the trouble to arsenical poisoning, while alkaline irrigation water has been 
looked upon as an inducing factor or as contributing to the prevention of 
healing after the lesions have been formed by other agents (Hotson, 1920). 
There is no doubt that wood-rotting fungi play a secondary part by invad- 
ing the wounds, whatever their primary cause may be. 

The conclusion that most cases of crown rot of fruit trees are due pri- 
marily to low temperatures and excessive or late fall growth is based 
largely on extensive field observations (Grossenbacher, 1912) rather than 
on experimental evidence. It has been very definitely shown that the 
early stages of the crown rot originate during the winter or dormant 
season. The first visible stages "consist of discolored and often rup- 
tured tissues variously distributed in streaks and patches in the bark,” 
and this condition can be found in the late winter and spring. The 
progress of the trouble following the initial injuries is rather varied and 
the tissue changes are somewhat complex. The initial injuries may be 
outgrown or typical cankers of severe type may develop. The non- 
parasitic character of the disease is supported by the fact that no organ- 
isms of any kind are commonly found in young lesions. The base of the 
tree trunk matures its tissue more slowly than portions higher up, and 
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consequently is susceptible to injury from freezing in the late fall or early 
winter. Crown rot is, therefore^ believed to be an early form of winter 
injury, in contrast to sun scald, which is a late winter or spring form of 
injury.. 

Prevention and Treatment, — There is no possibility that crown rot 
can be entirely prevented, but attention to cultural and irrigation prac- 
tices will give some relief. Effort should be made to keep trees from grow- 
ing too rapidly or too late into the fall in order that they may not be 
subjected to unfavorable temperature when the bark is still immature. 
It has also been suggested that varieties of trees which are subject to this 
type of winter injury should be headed low regardless of the inconven- 
iences which may be experienced in cultivating. The swaying of young 
trees by the wind is believed to play some part in the production of the 
initial injuries, hence windbreaks might prove of special value in lessening 
the disease. 

In orchards in which crown rot prevails or when conditions have been 
such as to indicate the probable occurrence of the disease, the trees should 
be examined during the spring and early summer for indications of bark 
injury at the base of the tree trunk. In case such injuries are found, the 
soil should be removed from contact with the injured portions and all of 
the dead bark cut out. The cut surfaces should then be treated with an 
antiseptic and waterproofed, or a combined antiseptic and waterproofing 
treatment may be substituted. Waterproofing alone, using coal tar or 
grafting wax, would be sufficient if one could be certain that no organisms 
were concerned. In cases of complete girdling or when the lesions involve 
a large part of the circumference, trees may be saved by resorting to 
bridge grafting. 
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WINTER Sim SCALD OF TREES 

Bark injury on any portion of a tree may result from the freezing to 
death of the tissues, including the primary cambium and the external 
parts, or in superficial cankers the primary cambium and inner bark cells 
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may escape injury. When the bark injury is localized, more or less 
well-defined dead areas are formed, which with cracking and peeling of the 
dead bark may become open wounds or cankers. These cankers most 
frequently occur on the southwest face of the tree trunk, from the ground 
up, on the sun-exposed surfaces of large branches or at the junction of 
scaffold branches with the main trunk. Whenever the freezing injury is 
localized on sun-exposed surfaces it is classed as “winter sun scald,” a 
term used to distinguish the trouble from summer sun scald due to the 
killing effect of high summer temperatures. Sun scald of some thin- 
barked trees from overheating during the intense sunshine and high 
temperatures of midsummer, coupled with drying out of the tissues, does 
undoubtedly occur, but winter injury is probably a much more common 

cause of cankers, on both fruit and forest trees. 



Fig. 60. — Diagrammatic cross-sections of tree trunks showing superficial, moderately deep 

and deep sun-scald cankers. 


Symptoms and Effects— The early stages of winter sun scald are 
frequently not observed. Following the period when the injury occurred 
the affected bark may appear dull or discolored/ and there may be some 
shrinkage due to drying out of the tissues. Soon the bark will be found 
to be loose from the wood and the brown, dead portions can be readily 
peeled away from the underlying wood, which may also be discolored. 
In the more severe types of injury, the bark may split and crack quite 
soon, or this may be somewhat delayed, but the final result in the undis- 
turbed cases will be the weathering and peeling of the bark to produce 
more or less of an open wound. In the more moderate types of winter 
sun scald the injury may be confined to a narrow strip on the southwest 
face of the trunk, while in more severe cases the bark may be killed for 
nearly the entire circumference of the tree. The immediate injury will 
depend on the extent to which girdling has been completed and the func- 
tional activity of the remaining portions lowered. The most severely 
sun-scalded trees may die later in the season, while in those less severely 
injured healing will take place and the trees may survive if the entrance 
of wood-rotting fungi can be prevented. This secondary injury from the 
entrance of wood-rotting fungi is a very fruitful cause of the final decline 
of trees, The disintegratioa of the wood by fungi which enter through 
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sun-scald cankers or crotch cankers may so weaken a tree that it goes 
down during the stress of wind storms. 

Etiology “It was at one time believed that winter sun scald was due 
to the rapid thawing of the frozen tissue on the sun-exposed face of the 
trunk or large branches. The present opinion is that the injury is the 
result of the direct freezing to death of the tissue. This conceivably 



Fig. 61. — Old winter sun-scald canker on apple. {After Mix, Cornell Bui. 382.) 

might result from one or the other of two ways or by a combination of 
these : 

1. An increased tenderness in the tissue on the sunny side of the trunk in 
late winter causes it to kill at a temperature not low enough to injure the still 
dormant tissue of the shaded side. 

2. The tissue on the sunny side kills at a higher temperature, due to the more 
rapid temperature fall that may take place after a cold, sunny day in later winter 
(Mix, 1916). 

As a result of freezing tests carried out by Mix, the conclusion was 
reached that apple bark on the southwest and on the northwest sides of 
the trunk showed no appreciable difference in hardiness, and that there- 
fore the view that the warmth of the sun, by promoting metabolic activi- 
ties, caused increased tenderness must be eliminated as the cause of sun 
scald. It is of interest to note, however, that trunk tissue from all sides^ 
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gradually becomes more tender as the end of the dormant season is 
approached. This would suggest that sun scald is more likely to occur in 
late winter or spring than in the early part of the dormant period. 

The view that freezing to death is due to a “rapid temperature fall 
consequent to a warming up of the tissue above freezing by the rays of 
the sun on a bright, cold day in late winter” is supported by observations 
and experiments: (1) the higher day temperature of the southwest side of 
tree trunks as contrasted with the northeast side varying from a slight 
excess to a maxi m um of 20 or more degrees; (2) the equalization of tem- 
peratures on both sides during the night periods; (3) the increased killing 
of buds or twigs known to result from rapid freezing as contrasted with 
slow freezing. On the basis of these facts, winter sun scald is supposed 
to be a late-winter injury. It is not the result of increased sensitiveness 
due to late growth or failure of tissues to mature, but is likely to occur 
any season whenever the rate of temperature fall on the sun-exposed side 
is sufficiently rapid following the warming up by the winter sun, and the 
minimum reached is sufficiently low. 

Prevention. — In many regions, winter sun scald may be of such rare 
occurrence that preventive measures are not justified. In those regions 
where sun scald is frequent, some practices may be followed which will 
prevent the excessive heating of the sun-exposed bark. This may be 
accomplished in either of two ways: (1) by shading to protect the bark 
from the direct action of the sun; or (2) by modifying the absorption of 
heat with full exposure. The use of board or lath screens has been 
recommended with trees that are headed high, while very low heading of 
trees has been practiced as a protective measure with some success. 

Spraying or painting the trunk and large branches with whitewash 
has been quite generally recommended for northern regions where winter 
sun scald is common. The protective effect is due to the fact that the 
whitewashed bark does hot heat up to such high temperatures as. normal 
bark during the warm winter days. In the treatment of sun-scald cankers 
by the removal of all dead and decayed bark, the recognized methods of 
disinfection and protection of the wounds should be practiced. 
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CHAPTER IX 


^ UNFAVORABLE LIGHT RELATIONS 

Before considering the ways in which disturbances of the light relation 
may bring about derangements in the life of our cultivated plants, brief 
record should be made of the part which light plays in some of the impor- 
tant physiological processes. 

The Function of Light in the Life of the Plant.— Light is essential 
(with few exceptions) for the formation of the green pigment, chlorophyll, 
and furnishes the power or energy by which the chlorophyll apparatus is 
able to use the crude materials, carbon dioxide and water, in photosyn- 
thesis, or the construction of carbohydrate food. The output of our 
plant factories depends upon the intensity, duration and quality of light, 
hence it must be evident that the amount of plastic material available in 
plants for assimilative and growth processes bears a definite relation to 
illumination. 

That light has a direct effect upon living protoplasm is evidenced by 
various heliotropic curvatures or movements of plant organs, which direct 
them either towards or away from the light, by heliotactic movements of 
motile plant protoplasts or by intracellular changes with variations in 
the intensity of light. Since protoplasm exhibits a marked sensitiveness 
to light, it is only reasonable to expect that growth will be affected by 
light conditions. Growth is favored by diminished light intensity and 
retarded by bright illumination. During the daylight period, the energy 
of the plant is directed to the work of food manufacture, while during the 
night period photosynthesis ceases and the reserve of plastic materials 
which was accumulated is available for constructive work. Ordinary 
daylight does not cause a cessation of growth but merely a retardation. 
This behavior is illustrated by the growth increments of certain organs 
which in darkness may be more than double those for similar periods of 
ordinary daylight. While light is not essential for the germination of 
most seeds, it is the stimulus that in some cases unlocks the chemical 
changes that initiate germination. 

Transpiration is a third physiological process affected by light. The 
effect may be either direct upon the living substance or upon the cell 
machinery, or indirect by modifications of the plant structures. Since 
transpiration is not comparable to simple evaporation from an exposed 
water surface, but is a process that is controlled more or less by the 
chemical and physical properties of the protoplasmic body from which 
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the moisture must be withdrawn, light may affect transpiration by modi- 
fying the permeability of the protoplasm, and thus accelerate or retard 
the process. By affecting the osmotic pressure in the guard cells or adja- 
cent epidermal cells, light may cause an opening or closing of the stomata 
and thus promote or retard stomatal transpiration^ while cuticular trans- 
piration will be influenced by the thickness of the epidermal walls, their 
cutiniaation, the character of the cuticle and other structural features 
which are modified by light intensity. 

Shade Plants and Sun Plants. — Brief reference may be made to the 
fact that some plants in their natural habitats, may be able to make their 
best growth only when exposed to the full intensity of normal light, while 
others thrive best in partially shaded localities in which the light is of 
moderate intensity. Thus we may have sun plants at one extreme and 
shade-loving plants at the other, while others are less sensitive to their 
light environment. These natural peculiarities must be taken into 
consideration in providing favorable conditions for plants under cultiva- 
tion. Shade-loving plants may suffer injury if exposed to the full inten- 
sity of the sun, or sun plants may make a poor growth if planted in poorly 
lighted environments. Because of the injurious effects of intense light 
on the seedlings of coniferous and some other forest trees, lath screens 
are used in forest-tree nurseries to give approximately half light. 

General Effect of Light Deficiency. — For a normal thrifty develop- 
ment, a certain intensity and duration of light is essential. It is difficult 
to fix upon any definite optimum, but it must be recognized that when the 
light income of a plant sinks below the minimum requirement or rises 
above a maximum the plant will cease to thrive. The optimal light 
income denotes the amount of light (measured by intensity and duration) 
which will induce the best growth or produce a type of development that 
is most nearly normal. As the light income drops from the minimum to 
zero or complete darkness, the plant may undergo gradual, formative or 
structural changes, including alteration of color and peculiarities of 
structure which are characteristic of the condition known as etiolation. 
The sickly yellow plant that has been entirely deprived of light represents 
the extreme of etiolation, while, with exposure to light, the symptoms 
become less and less evident until normality is attained. 

The changes which are characteristic of etiolation are as follows: (1) 
The abnormal elongation of stems (internodes) and petioles or of leaves 
that are normally elongated and have a basal or intercalary meristem, 
thus producing shoots that may be characterized as '' spindling. This 
modification occurs in plants with stems that are normally elongated and 
also in those of the rosette habit, (2) The pronounced reduction in the 
size of the leaves (shade leaves in many cases are larger than sun leaves). 
This feature is characteristic of dicotyledons, while monocotyledons 
generally show an elongation and narrowing of the leaves, although 
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deviations from this behavior may be found in both groups. (3) The 
reduction in the amount of chlorophyll or its complete disappearance 
(in darkness) and consequently the slowing up of photosynthesis or a 
complete cessation of food manufacture. In complete etiolation, growth 
can continue only at the expense of food reserves of seeds, modified stems 
or other storage organs. It should be noted here that etiolation is not 
the result of a checked or inhibited photosynthesis, since plants will not 
make a normal development in darkness even when supplied with an 
abundant reserve of plastic food. (4) The suppression of the reproduc- 
tive function, as illustrated by sterility, lessened flower formation or the 
complete absence of blossoms as a result of shortage of food. Plants like 
hyacinths, tulips and narcissi, wnth an abundant food reserve, will develop 
nearly normal blossoms in complete darkness. (5) A soft or succulent 
type of growth. While the stems are more slender and leaves thinner, 
cell walls are more delicate and there is a poorer development of mechanical 
tissue. The general effect of diminished light is to cause a poor develop- 
ment of the palisade parenchyma of leaves, so that shade leaves may not 
be more than half as thick as those developed under normal illumination. 

Plants grown under poor light conditions wdlt more readily than nor- 
mal plants when exposed to bright light. This may be illustrated by the 
behavior of cucumbers grown under glass. 

Plants grown under the poor light common to November and December have 
leaves of poor color, slender and elongated petioles, and little mechanical or 
resistant tissue, and when subjected to the bright sun in the early spring every 
plant in the house will wilt (Stone, 1913). 

Poor light or partial etiolation” renders plants more susceptible to 
the attacks of fungous diseases. Undoubtedly the host modifications 
play an important part in this increased susceptibility, while at the same 
time the reduced light intensity offers more favorable conditions for the 
growth of fungi. The light factor is not the sole favoring condition, for 
diminished intensity of light is generally accompanied by increased 
humidity of air, which may also affect both host and parasite. As an 
illustratiGn, it may be noted that lettuce grown under glass sometimes 
suffers severely from leaf blight and stem rot, due to Botrytis, during the 
dark, cloudy days of winter, while the trouble may largely disappear with 
the advent of days of continuous sunshine. Lack of light together with 
excessive moisture increases the susceptibility of foliage to injury from 
fumigants — for example, burning from hydrocyanic acid gas— while 
insufficient light income has an important bearing upon one type of spray 
injury (see Lime-Sulphur Injury, p. 218). Insufficient light produces a 
type of growTh in which maturity is delayed, and consequently winter 
injury is more likely. It seems that winter injury in some environments 
is accentuated not alone by the moderate temperatures of the fall pre- 
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ceding freezing weather, but also by the lowered light income due to cloudy , 
foggy weather. 

Etiolation in Horticultural Practice —While etiolation represents a 
derangement of normal physiological processes, it may be utilized to 
produce desirable modifications of behavior or to produce structural 
modifications which render the plant more desirable as a commercial 
article. Hyacinth bulbs planted in flower pots in the fall sometimes 
show a delayed development of the leaves and the flower stalk, which 
remain short. This may be prevented, in part at least, by covering the 
bulb and bud with a cap of dark paper, which will exclude the light. This 
induces etiolation and, as a result, the leaves and flower stalk elongate. 
Similar use may be made of withdrawal of light to induce the formation 
of blossom shoots in other plants. 

Etiolation or blanching gives a desirable quality sought in certain 
vegetables— for example, asparagus, endive, celery, French globe 
artichoke, head lettuce and cabbage. The etiolation may be induced 
by depriving the parts to be blanched of light, but in numerous cases 
cultivation and selection have produced varieties that are partially self- 
blanch'ng, the failure to green becoming an hereditary character. Etiola- 
tion improves or modifies the flavor and produces crisp, juicy and tender 
tissues, a desirable feature, especially in salad plants. 

General Effect of Intense Light. — If plants are in danger of sunstroke 
they are not able to flee to a shaded or secluded spot where the light is less 
intense, but they do show a sensitiveness to the intense light of the 
environment in which they live by certain habits or by active responses, 
and these may be purposeful responses which serve as a protection against 
injury from intense light. A number of illustrations may be noted. The 
chlorophyll apparatus of the leaf is in the most favorable position for 
receiving the full intensity of the light when the rays fall most nearly 
perpendicular to the leaf surface, and would be best protected from injuri- 
ous effects of too intense light if the rays are parallel to the leaf surface. 
This protection is attained in some sun plants by the erect or ascending 
position of the leaves or by their orientation in such a way that their 
surfaces face either east or west, as in so-called “compass plants.” In 
other cases, as in many legumes, the leaflets, which in moderate light are 
spread out to receive the full-light income, fold either upwards or down- 
wards in pairs when the light becomes intense (during midday in the 
summer), and thus place the leaf surfaces parallel to the incident rays of 
light. 

In many cases in which protection of the chlorophyll apparatus cannot 
be obtained by the position of the leaves, the chlorophyll bodies change 
position within the leaf cells. During moderate illumination there is a 
tendency for them to be massed or grouped on the surface faces of the cells, 
while with too intense illumination they are shifted and arranged along 
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the walls vertical to the surface. This change of position may cause a 
deep-green color in the shade and a less intense or paler color in the intense 
light and will explain the so-called shadow pictures’^ of shading organs 
upon brightly illuminated leaf surfaces. 

With increase in the intensity of light, photosynthesis will increase 
up to a certain point, and then with further increase in intensity of light 
the photosynthetic activities remain about constant, but for a short time 
only. If the intensity becomes too great or the optimum is exceeded for 
too long a period, the construction of carbohydrate food becomes less and 
less active and may finally be checked entirely. During the exposure of 
green plants to ordinary illumination the green pigment, chlorophyll, 
is being constantly oxidized, but it is being constantly reconstructed, 
hence the change is not evident. Under conditions of intense illumina- 
tion, light-sensitive plants develop a pale or yellowish-green cast or even 
a bronzing of the leaves. Under such conditions the chlorophyll is oxi- 
dized somewhat faster than it is reconstructed. This behavior is fre- 
quently noticed when plants that are normally shade-loving — for example 
those that select the shaded forest as their habitat— are suddenly 
moved from glass houses with poor illumination to the bright sunlight of 
the open. The sensitiveness to intense light often varies with the age of 
the plant — for example, the seedlings of many trees are not able to with- 
stand the direct sunlight, while older trees suffer no derangements from 
exposure to the same light intensity. In the more sensitive species 
continued exposure to intense light may kill the protoplasm of cells in 
leaves, stems or fruits, and browning, burning or blighting of localized 
spots or more extended areas may be the final result. Specific sensitive- 
ness to light and the conditions of moisture, temperature and light which 
have prevailed previous to the exposure to intense light have an important 
bearing on the type and degree of injury which results (see Disturbed 
Water Relations; also High-temperature Injuries). 

In addition to suffering from too great intensity of light, it seems that 
some of our crop plants may suffer derangements because of too great a 
total light income — in other words, there may be a wrong balance between 
the total period of illumination or daylight and the total period of dark- 
ness. It would seem that the normal life of the plant requires a certain 
balanced development of foods or certain nutritive or assimilative ratios, 
and that a disturbance of these nutritive ratios throws the plant machinery 
out of gear. Too high a light income might cause an overproduction of 
carbohydrate food. Is it possible that in such a ease the plant might 
suffer from ^^indigestion 
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SUN SCALD OF BEANS 

A spotting and streaking of beans in Colorado has been studied by 
Macmillan (1918) under the name of sun scald. This trouble appeared 
first when the pods were whitening. 

Symptoms and Effects. — The first indications of the disease are very tiny 
brown or reddish spots upon the upper or outer valve away from the center of 
the plant. These spots gradually lengthen until they appear as short streaks 
running backward and downward from the ventral toward the dorsal suture. 
In 2 days the spots have increased to areas of brown water-soaked tissue sometimes 
slightly sunken. If the spread has been rapid, the color is a good brown, some- 
times tinged with red, extending over a majority of the exposed surface, and 
sometimes over all of it. On some varieties the entire exposed surface does not 
become covered, but spots 3 to 4 millimeters in diameter grow to be the largest, 
while new spots are constantly appearing. Often small spots coalesce into larger 
ones, giving them an irregular shape. Eventually this spotting may appear 
on the under side of the pod, but always in lesser quantity (Macmillan, 1918), 

Brown streaks on exposed stems and leaf petioles appear under the 
same conditions as the pod spotting or scalding, and the leaves also sliow 
a browning and death of the epidermis on both surfaces. The scalding 
of the leaves may be mild and the result of light acting over a compara- 
tively long period. It is stated that this leaf scalding results in indeter- 
minate symptoms in some respects similar to mild mosaic. 

The sun scald of beans causes little if any loss in a seed crop, but in 
severe cases white-skinned varieties may have the seed coats slightly 
stained, thus affecting quality. No reduction in yield or lack of vigor has 
been noted. Undoubtedly, sun scald of beans is more common than 
reports would indicate, since it is very evident that it has been confused 
with bacterial blight. The disfiguring lesions on pods of string beans are 
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of importance as affecting quality and it seems probable that under 
certain conditions they may be the avenues of entrance of certain parasitic 
organisms. Observations indicate that, while sun scald may be expected 
to be most severe in high altitudes, it is by no means confined to such 
localities. 

Etiology,— While beans have been shown to be susceptible to heat 
injury (Macmillan and Byars, 1920), it has been proved that the type of 
injury described as sun scald is due to the action of light rather than to 
heat. In the first place it has been shown that the tissue of the lesions is 
bacteriologically sterile, hence any causal relation of an organism is 
excluded. It has also been shown that pods subjected to the same 
temperature conditions were sun scalded when exposed to the full inten- 
sity of the sunlight, while shaded pods remained normal. By the use of 
artificial illumination from an arc light, streaking and browning of pods 
and bronzing and browning of leaves were produced similar in every 
respect to the symptoms and effects observed under natural field condi- 
tions. The artificial illumination did not cause sun scald if the light was 
obliged to pass through ordinary window glass, which is known to be 
absorptive of light of very short wave length. In the Colorado bean 
section, the altitude is 4700 feet, and during the heat of the summer days 
a relative humidity of 20 per cent or less is common. Under such climatic 
conditions the light reaching growing plants will contain a much 
larger portion of the ultra-violet rays than the light of regions with higher 
humidity and lower altitude. In other cases it has been shown that the 
ultra-violet rays have a killing effect upon active protoplasm and may 
apparently cause injury independent of the chemically active light rays. 
The conclusion has been reached that the sun scald of beans is caused by 
light of short wave length (ultra-violet). These conclusions are in 
keeping with the findings of other investigators who have recorded the 
injurious effects of light at high altitude upon the natural vegetation. If 
the conclusions are correct, sun scald of beans or of other tender species 
may be expected to be more frequent in the regions of high elevation and 
low humidity than in humid areas nearer to sea level. 
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LODGING OF CEREALS AND OTHER CROPS 

The lodging or falling down of cereals previous to harvest is a common 
phenomenon in many regions, while in others it is rather rare. No 
single cause of the lodging can be sighted, but the following may be 
noted as contributing factors: (1) excess of nitrogen, or at least a large 
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amount of available nitrogenous food materials, which stimulate the 
plants to make a luxuriant growth with heavy foliage; (2) an abundance 
of moisture in soil and air, which promotes a succulent type of growth; 
(3) frost injury due to localized killing of the meristematic tissue at the 
base of certain internodes; (4) the attacks of insect pests or fungous 
invasions (straw breakers or foot rots), which are clearly parasitic in 
character or favored by frost injuries or traumatisms; (5) mechanical 
breaking or lodging due to the direct action of wind, hail or rain storms. 
While one to several of these factors may be operative in any single ease, 
the most common cause of general lodging is a weak development of the 
bases of the culms or stalks as a result of the lack of light. 



Fio. 62. — Cross-sections of nonnai and lodged rye culms. (After Koch.) 

Sjmptonis and Effects. — The lodging due to partial etiolation of the 
basal portions of the culms involves a weakening and abnormal elongation 
of the second internode from the base, the lowest stem member being 
generally too short to bend. Under conditions which promote the 
weakened growth, the developing culms may fall due to the bending at 
the second intemode. Lodged grain may partially right itself due to 
renewed growth in other intemodes as a result of the geotropic response 
induced by the prostrate position. The lodging of the grain interferes 
with the normal physiologic processes, especially photosynthesis and 
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transport of crude food materials from tlie root system to aerial parts, 
and consequently the crop is lowered in both quantity and quality. In 
addition, the lodged grain is much more likely to suffer injury from semi- 
parasitic fungi and from such troubles as powdery mildew and rusts, 
while the difficulty of harvesting the grain that does develop is the cause 
of additional losses. 

Etiology. — The lodging of cereals was at one time attributed to a lack 
of silicic acid (H2Si03) in the soil, thus lessening the amount of silica in 
the cell walls and thereby weakening the supporting power of the culms. 
Such an explanation seemed possible until it was shown that there is but 
little difference between the silicic acid content of normal stiff straw and 
lodged straw, and that a very small amount of silicic acid is sufScient for 
the production of normal plants. It has also been shown that the lowest 
internodes of normal plants are poorer in silicic acid than other parts of 
the plants, which would be opposed to the supporting function of the 
silicified cell walls. 

It has been shown that lodging is due to a modification of the structure 
of the lower internodes as a result of shading. In thick stands of grain 
the numerous culms with clustered and overlapping leaves prevent the 
penetration of light and also tend to prevent the circulation of the air, 
and thus hold a surface stratum of more humid air. Both lack of light 
and increased humidity of the air promote the formation of delicate or 
thin-walled tissue of elongated cells, as opposed to the firm growth with 
well-developed mechanical tissue which is characteristic of well-illumi- 
nated structures surrounded by an air of more moderate humidity. 
Further support of the conclusion that shading is the most important 
factor in causing lodging has been obtained by the artificial production of 
lodging by shading the basal parts of the plants, while the more distal 
parts were subject to normal light intensity. 

The stems of normal cereals show a well-developed zone of thick- 
walled, prosenchymatous tissue below the epidermis, but in the partially 
etiolated .basal internodes of shaded culms this cylinder of supporting 
tissue is poorly developed and other tissues do not have the normal 
supporting power. The greater length of these shaded internodes and 
the thinness of the cell walls make such stems poorly suited to withstand 
the strains they must bear, and they easily go down during wind or rain 
storms. 

Soils rich in available nitrogen and well supplied with moisture pre- 
dispose to lodging, since tillering is increased and the heavy growth of 
foliage increases the shading. Thick seeding on moderately rich soil 
may sometimes lead to very general layering, because of the shading due 
to the very dense stand. With the modern practice of drill seeding in 
which the rate of seeding can be accurately controlled and adapted to the 
soil type, the danger of lodging is lessened. 
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Prevention. — The most important practices which may be followed 
for cutting lodging down to a minimum are as follows: (1) careful atten- 
tion to the rate of seeding so as to produce a stand which will allow pene- 
tration of light and a free circulation of the air; (2) attention to cultural 
practices, including rotations and the use of fertihzers so that excess of 
available nitrogen will not be offered; (3) the selection of varieties suited 
to the environment. Stiffness of straw and the ability to stand up are 
characters which vary with the variety, and improvement in this respect 
is one of the problems of the cereal breeder. 

Other crops besides cereals frequently suffer from lodging — for example, 
field peas. Their stems are naturally rather weak, and when they do 
go down rotting may cause additional damage if there is an abundance 
of moisture. In locahties where the lodging tendency is very pronounced, 
a supporting crop is sometimes mixed with the peas. It is not uncommon 
to have too heavy stands in seed beds in the open or under glass. Under 
such conditions the hypocotyl frequently elongates to several times 
normal length and the young seedlings fall over, and as a result irregular, 
twisted stems are formed. The partially etiolated stems are then more 
readily infected with damping-off fungi. 
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PHOTOPERIODISM 

In the general discussion of the effect of light upon the plant, it was 
pointed out that the response depends on three factors: (1) the intensity 
of the light; (2) the wave length or quality; and (3) the duration of the 
light action. It seems that the earher work was devoted primarily to 
stud3n.ng the effects of the first two of these factors, while it is only since 
the researches of Garner and Allard (1920) that the significance of the 
daily period of light in the growth and reproduction of plants has been 
appreciated. 

Responses to Long or Short Periods of Illumination. — Tlie relation of 
the length of day to sexual reproduction may well be presented in the 
words of Garner and Allard (1920) : 

Except under such extreme ranges as would be totally destructive or at least 
highly injurious to the general well-being of the plant, the result of differences 
in temperature, water supply and light intensity, so far as concerns sexual repro- 
duction, appears to be, at most, merely an accelerating or a retarding effect, as 
the case may be, while the seasonal length of day may induce definite expression 
initiating the reproductive processes or inhibiting them, depending on whether 
this length of day happens to be favorable or unfavorable to the particular 
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species. In broad terms, this action of the length of day may be tentatively 
formulated in the following principle: Sexual reproduction can be attained by 
the plant only when it is exposed to a specifically favorable length of day (the 
requirements in this particular varying widely with the species and the variety), 
and exposure to a length of day unfavorable to reproduction but favorable to 
growth tends to produce gigantism or indefinite continuation of vegetative 
development, while exposure to a length of day favorable alike to sexual reproduc- 
tion and to vegetative development extends the period of sexual reproduction 
and tends to induce the “ever-bearing type of fruiting. 

The term photoperiod is suggested to designate the favorable length of day 
for each organism, and photoperiodism is suggested to designate the response of 
the organism to the relative length of day and night. 

In the nature of their response to length of day, two extreme types of 
plants may be recognized: (1) short-day plants, or those which tend to a 
vegetative development with increase in stature when exposed to long 
daily periods of light, and only flower when the light period or the length 
of day is suitably decreased; and (2) long-day plants, or those which show 
an altered development and fail to flower when subjected to short days, 
but readily form flowers under the influence of suitably lengthened periods 
of daylight. Between these two extremes are plants less sensitive to the 
length of the daily period of light, and these are, therefore, able to make a 
growth in which flowering and reproduction are attained in the widest 
variations which occur in nature. The length of day is a factor of impor- 
tance affecting the natural distribution of plants in different parts of the 
world. For example, if the daylight periods of an environment during 
the season when moisture and temperature factors make growth possible 
are too short or too long to initiate flowering and carrying of the seed 
production to completion in a given species, the natural range of that 
species will be limited to those regions which offer the length of day which 
does make flowering and seed production possible. Plants in their native 
haunts have become adjusted to the specific light periodicity of their 
environment, but in our agricultural and horticultural practice they may 
be subjected to light periods to which they are not suited: (1) by field 
planting in regions with too short or too long days; (2) by date of seeding 
in the field so that the optimum light periods are not experienced during 
the growing season; (3) and by cultures under glass which are independent 
of the season as far as temperature and moisture are concerned, but with 
seasonal variations in the length of day. Photoperiodism of plants has 
an important bearing upon the success of cultures under artificial illumina- 
tion, and emphasizes the fact that the desired results can only be attained 
with careful attention to the var 3 dng light requirements of different 
varieties. Some failures to attain the desired ends in farm or horticultural 
practice may be due to a lack of acclimatization of our cultivated species 
with respect to the light relation, or to our failure to understand the 
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specific light requirements of a variety. The photoperiod has an impor- 
tant influence not only on flowering and reproduction, but recent studies 
(Garner and Allard, 1923) have shown that length of day is ''a factor in 
various other responses of the plant, including character and extent of 
branching, root growth, formation of pigment, abscission and leaf fall, 
dormancy and rejuvenescence.'’’ 

In the cultivation of plants the desired end may be production of a 
luxuriant vegetative growth or gigayitism with an inhibition or delay of 
flowering or fruiting, while in a large per cent of our ornamental or crop 
plants the production of flowers or of fruit is the feature of commercial 
value. It is not possible within the space available to give any detailed 
discussion of the numerous illustrations of photoperiodism which have 
been studied, but a few cases may be cited which illustrate the practical 
application of the principle. 

The growth of a plant like spinach may be noted. When planted in 
the early spring a well-developed rosette is formed and flowering is 
delayed, but when planted later in the spring or in the summer it makes a 
poorer vegetative growth and quickly sends up its inflorescence. While 
the temperature factor is also operative, the difference in the length of the 
day is, in the main, responsible for the changed behavior. It is not an 
uncommon experience for a farmer to make a mistake and seed a winter 
wheat in the spring, with the result that it makes a purely vegetative 
growth with the formation of rosettes that fail to produce culms and 
flowers. This has been explained by saying that it had the winter habit, 
but Wanser (1922) has recently called attention to the fact that the 
winter habit in wheat is but an expression of photoperiodism. He states 
that: 

A proper adjustment of the daily exposure to light, independently of tempera- 
ture, will control the type of growth in the winter wheat plant, and by regulation 
of this factor it is possible to induce the jointing and the heading stages irrespec- 
tive of season. 

The poinsettia when exposed to the seasonal length of day will not 
flower until early winter, but by shortening the length of the day (10 
hours) it may form flowers and the brightly colored bracts at any season 
of the year. The effect of length of day has been applied to a practical 
problem in tobacco culture. A variety of tobacco known as Maryland 
Maihmoth is grown in southern Maryland. In that environment under 
suitable conditions it makes a luxuriant vegetative growth, producing 
large plants with many leaves (sometimes more than 100) and is, thei'e- 
fore, prized for its high-yielding capacity. In Maryland it does not flower, 
or blossoms so late that no seed is matured — because the summer days are 
too long. It has been shown that it will flower and fruit in the greenhouse 
under the natural day length of winter, and seed is now obtained by grow- 
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ing the variety in SGutliern Florida during the winter when the days are 
short.. 

Etiological Relations.— Some considerations have been given to the 
way in which light duration induces the photoperiodic responses. It may 
be noted first that the length of day must affect the quantity of photo- 
synthetic product formed, since photosynthesis is active, and must 
continue during the period of illumination and cease during the periods of 
darkness. It seems also that the nature of these products and their 
utilization are modified by the length of day. In a recent paper (Garner, 
Bacon and Allard, 1924) data were presented which “indicate that the 
light period in some way profoundly influences acidity relations, the form 
of the carbohydrate present in the plant and probably the water content 
of the tissues. Under certain conditions, for example, in gigantism of 
short-day plants, acidity of cell sap as measured by hydrogen-ion con- 
centration is high, while in long-day plants exposed to relatively short 
days, the acidity remains at a relatively low level. More recently Beats 
(1925) concludes that “the differences in the relative length of day and 
night influence the form of plant development by a change in the nitrogen- 
carbohydrate ratio. 
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CHAPTER X 


DISEASES DUE TO MANUFACTURING OR INDUSTRIAL 

PROCESSES 

As a result of modern conditions in cities and the proximity of various 
types of industrial concerns, cultivated plants and native vegetation are 
frequently exposed to unfavorable factors which may operate either 
through the air or the soil environment. Material in dust form may fall 
on vegetation or on surrounding soil and cause injury by mechanical inter- 
ference with life processes or by its ultimate toxic action. Various 
gaseous substances may be set free in manufacturing or industrial proc- 
esses and these may diffuse through the soil or the surrounding air and 
reach either the root system or the aerial parts of plants. These gases, 
which may be by-products of industrial plants, as sulphur dioxide from 
smoke and smelters, or the main output of the plant, as illuminating gas, 
are frequently very toxic to plant life, even when present in only minute 
quantities. Injuries may also result, especially to trees, from electric 
discharges from high-power transmission lines. 

Cement “dust Injury.— Dust from cement mills has been shown to 
have an injurious effect upon the setting of fruit, according to the work of 
Anderson (1914). In the cases investigated the dust came mainly from 
the stacks of the kilns and made an evident deposit on the vegetation 
within a radius of 2 miles. The reported reduction in the setting of fruit 
as a result of the ^Must showers was confirmed by experimental tests 
with cherries, pears and apples. Flowers artificially dusted with material 
produced from the cement plant showed very pronounced reduction in 
the per cent of fruit set, as may be illustrated by the reduction from 49.9 
per cent in untreated apple blossoms to 5.95 per cent in the dusted blos- 
soms. It was shown that the dust from the cement mills contained a 
large amount of alkaline, soluble calcium salts, and germination tests 
proved that pollen grains would not germinate in very weak solutions of 
these salts. The prevention of fruit setting by cement-mill dust may be 
explained as follows: 

When the dust falls on the fruit blossoms some of it goes into solution in the 
stigmatic secretions and pollen falling on the stigma will not germinate. Thus 
the flowers will not be fertilized (Anderson, 1914). 

Magnesium Oxide Injury. — Crop injury has recently been reported 
(Sievers, 1924) as the result of deposits of magnesium oxide dust originat- 
ing from roasters in which magnesite is calcined. The injury "was con^ 
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fined largely to crops growing in an oval area 1 mile wide and 3 miles long, 
with the magnesite plant at its center. After the magnesium oxide dust 
is deposited on the soil it is converted into basic magnesium carbonate by 
the action of carbon dioxide and water. Although not readily soluble in 
water, the magnesium carbonate in a soil solution containing carbon 
dioxide forms the more soluble bicarbonate, and thus the concentration of 
soluble salts is greatly increased. 

The injury to wheat from the magnesium oxide deposits was of two 
types : (1) a yellowing and blighting of the leaves, beginning at the tips, 
with retarded growth and death of the plants in the more extreme cases* 
and (2) the mechanical interference with the emergence of seedlings, due 
to the mortar-like crust on the surface, this effect being very pronounced 
on land close to the calcining plant. The soil of the region beyond the 
influence of the roaster contained about 4000 pounds of magnesium, calcu- 
lated as oxide, per acre-foot, while the amount increased gradually as the 
plant was approached, until at a distance of 100 feet it amounted to 
56,000 pounds per acre-foot. 

Injury from Tar Products. — The injurious effects of vapor or dust from 
tarred roads or of the fumes from melting tar compounds on vegetation 
have long been recognized. The observed effects have varied depending 
on the character of the products and the amount of dust or of vapor 
reaching the aerial parts of plants. The lesser effects noted are fading 
and spotting of leaves, while strong fumes cause the injured leaves to curl 
and shrivel, turn brown and fall. In the injured tissues the cells are 
plasmolyzed and the chlorophyll disappears. 

A special study of the injurious effects of the fumes from tarvia, a tar 
compound used in building operations and in road construction, was made 
by Chivers (1917). The fumes from melting tarvia carried across a 
nearby garden covered leaves and stems with a greasy coating and killed 
various annuals and a number of perennials; peonies were killed to the 
ground; roses, brambles and currants were defoliated; while potatoes were 
dwarfed and the yield reduced. All perennials wuthin the affected zone 
showed the injurious effects in the growth of the following season. 
Experimental tests were made with a number of plants: 

Leaves of begonias showed a characteristic sinking of the upper epidermis, at 
first in small isolated areas, which gave a peculiar pocked appearance to the leaves. 
The pock marks gradually became confluent and the entire area lost chlorophyll 
and turned brown. In the youngest leaves the first symptoms appeared as 
yellow spots, 3 to 6 millimeters in diameter, which when examined were found in 
each case to be an injured area immediately surrounding a multicellular gland. 
Older leaves turned yellow over their entire surfaces and fell from the stem 
(Chivers, 1917). 

The train of symptoms varied in different species subjected to the 
same concentration of fumes. Ferns ‘^ withered and died as if subjected 
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to extreme heat/’ In geraniums “the lower and older leaves turned 
yellow, those of medium age turned dark brown over the entire surface, 
while the youngest and only partially unfolded ones showed dark-brown 
zones on their margins.” It was further shown by tests with begonia 
leaves that the tarvia products were able to cause injury by penetrating 
the epidermis, the results being the same whether the fumes acted on 
the stomata-bearing undersurfaces or on the upper surfaces devoid of 
stomata. 

The principal volatile constituents of tar products are phenol, anilin, 
pyridin and pyrrol. Some observations have indicated that the amount 
of injury from tarred roads depended on the amount of phenol in the com- 
pound used. Pyridin has been shown to cause severe injury to leaves 
subjected to its fumes, inducing plasmolysis in general, browning of 
tannin-containing cells, but with no destruction of the chlorophyll. It 
seems probable that both phenol and pyridin are active in injuries pro- 
duced by tar or tar products. The exact type of injury may be expected 
to vary with the type of tar products, the concentration of fumes or the 
amount of dust, the age of the plants or of the leaves and the species or 
varieties exposed. 

Electrical Injuries. — The development of electric lighting systems, 
trolley lines and high-power transmission lines has introduced a new 
element of danger to the trees of towns and cities. It is a matter of 
common observation in many sections that lightning causes much injury 
to trees, while numerous cases of lightning injury to field crops are on 
record. It is perhaps not so generally understood, however, that trees 
may suffer from electric discharges from transmission lines w-hen these are 
too close. Either alternating or direct currents may cause injury, but the 
former is apparently less injurious. An electric current acting on a plant 
at certain strength, the minimumj may cause just perceptible stimulation, 
while the optimum causes the greatest stimulation. Beyond the optimum, 
plant activities are retarded and at maximum strength death ensues. 
The maximum current necessary to cause death is exceedingly variable . 

If it were not for the fact that trees are poor conductors of electricity, 
there would be much more injury when trunk or limbs make contact with 
live electric lines. The cambium or the layer of cells containing active 
protoplasm offers the least resistance, while the outer, dry, corky bark 
offers the greatest resistance, with phloem or inner bark, sapwood and 
heartwood occupying an intermediate position in the order recorded. 
The high resistances shown by the tissues of a tree are capable of cutting 
down rather high currents to an insignificant amount. Injury results, 
however, in wet weather 

. . . when the tree is covered with a film of water, which provides favorable 
conditions for leakage, the current traversing the film of w^ater on the tree to the 
ground. The result of contact of a wire with a limb undei* these conditions is a 
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grounding of the current and a burning of the limb due to “arcing/^ The vital 
layer and the wood become injured at the point of contact; resulting in an ugly 
scar and sometimes the destruction of the limb or leader (Stone, 1914). 

The alternating-current systems employed for lighting purposes vary greatly 
in their potential. Cases of burning from alternating currents are more numerous 
than those from direct currents because trees are brought into more frequent 
contact with the wires, and, owing to the higher potential, more leakage is likely 
to occur. The high- and low-voltage lines may vary from 100 to 100,000 volts. 
The high-tension systems are invariably constructed across country, and are 
naturally not brought into very close proximity to shade trees. No injury 
whatever occurs from the low- voltage (110- volt) lines, but the hnes of higher 
potential found on streets constitute a source of danger to trees. The higher the 
electrical potential the more dangerous the wires become to trees, for, owing to 
the lessened effectiveness of the ordinary insulation, more leakage occurs, and 
consequently greater opportunity for burning (Stone, 1914). 

Alternating currents cause only local injury to trees, the lesions 
appearing only near the point of contact with the wire. The tree is not 
killed but limbs may be so badly burned as to cause serious disfigurement. 

Most of the direct currents affecting trees are those used for operating 
electric railroads. Trolley feeders may be at 500 to 550 volts (Stone, 
1914). Localized burning, similar to that resulting from alternating 
currents, may take place, but under certain conditions large trees may be 
killed by direct currents used in operating electric railroads. In case of 
death of trees from direct-current electricity, the rail is positive and the 
overhead feed wire negative, constituting what is called a '^reversed 
polarity.” It is the more common practice, however, to have the so- 
called positive current traverse the overhead wire, but reversed polarity” 
is used at times. In a typical case the escaping current had 

, . . burned and girdled the trunks for a distance of 5 to 10 feet from the base, 
the point of contact of the feed wire with the hmb 18 to 20 feet above showing 
little or none of the characteristic local burning effects usually observed in 
ordinary cases of grounding. 

The more extensive burning in cases of reversed polarity is favored by 
the moisture conditions of soil and bark at the base of the tree offering a 
reduced resistance. The general result will be slight burning at the point 
of contact of the overhead wire, with extensive burning at the base, 
although the injured zone may be variable in height. The cambium is 
killed and the bark may become loose and fall off. Injured trees gener- 
ally stand fairly close to the rails, although those more distant may be 
killed if there is a ground connection. 

As a general principle, trolley or electric-light wires should not be 
allowed to come in direct contact with the trunk or limbs of trees. If, 
however, contacts cannot be avoided, proper insulation of the wires 
should be provided. 
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Injury from Illuminating Gas in the Soil. — Herbaceous or woody 
plants growing in streets, yards or greenhouses may be injured by the 
leakage of illuminating gas into the soil. The greatest amount of damage 
occurs in shade trees of street or lawn. Injury to trees from leakage of 
gas into the soil from defective joints or broken pipes is a problem with 
which every large gas-producing company must contend Much of the 
gas that is manufactured is unaccounted for, part of the discrepancies 
being due to defective meters or incorrect readings, but more or less 
actual leakage does occur. Slight leakage of gas into the soil through a 
long period may cause a slow poisoning of the roots of nearbj^ plants, 
while with more pronounced leakage acute injury may follow very 
rapidly. 

Severe injury to trees in several German cities was reported by 
Girardin as early as 1864, and his conclusions have been confirmed by 



Fig. 63. — Large elms killed by escaping illuminating gas, years after leakage occurred. 

{After Stone^ Mass. BuL 110.) 

numerous investigators since that time. Special studies of gas injury due 
to leakage into soil have been made in this country by Stone (1913, 1916), 
Harvey and Rose (1915) and Doubt (1917), while more recently Wehmer 
(1917, 1918) in Germany has made a general study of injury due to 
illuminating gas. 

The effects of illuminating gas are variable, depending on the age and 
stage of development of the plant, the variety or species concerned, and 
the duration of action and concentration of the gas. Some of the effects 
of illuminating gas are as follows: (1) the inhibition of germination of 
seeds; (2) abnormal curvatures and swelling of young rootlets, due in 
some cases to hypertrophy of cortical cells and in others partly to hyper- 
trophy of cells and partly to increased cell division; (3) the formation of 
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proliferation tissue in the cortex of woody stems below the surface of the 
ground ; (4) the disappearance of starch from the cells of the root cortex; 
(5) retarded growth; (6) wilting and death of herbaceous plants; (7) epi- 
nastic response of leaves, causing them to be turned downwards and in 
some cases the upward rolling of the leaf blade 
towards the midrib, although this symptom is 
not as general as in the cases of action of gas 
through the air; (8) the death of trees or shrubs 
following defoliation or death of the leaves. 

The swelling of the young roots and the disap- 
pearance of starch from the cortex of roots are 
responses to rather low concentrations of illu- 
minating gas. The roots of trees killed by gas 
frequently show a characteristic bluish discol- 
oration of the wood, but this symptom is not 
diagnostic, since it is known to follow death by 
other agencies. The production of proliferation 
tissue by roots is a feature which may be used 
in diagnosing gas injury. Root hypertrophies 
occur when the foliage shows no effects, hence 
it is suggested that an examination of the roots 
of adjacent plants be made when a tree has 
died from suspected gas leakage. The cortex 
of young gassed roots is sometimes three to 
four times the thickness of that of normal roots. 

The characteristic hypertrophies might not 
show on the root system of a dead tree, if it had 
been subjected at once to a high concentration 
of gas, while they might appear on roots of 
nearby uninjured plants. . 

It should be noted that most of the symp- 
toms of gas injury are of a general character, 
such as would result from the failure of the root 
system to function from any cause. Asphyxia- 
tion, freezing injury to roots, collar rot, etc. 
might produce very similar results in trees. 

Trees killed by gas show a browning and disin- 
tegration of cambium, phloem and cortex espe- 
cially at the base of the trunk, the dead area 
advancing upward until the whole tree is invol- 
ved, The wood also darkens and there is an 
increased brittleness with rapid deterioration. Gas-killed trees are 
quickly invaded by various saprophytic fungi which complete the work 
of destruction. 


Fig. 64.— Effects of illu- 
minating gas on elm tree 1 
years after the leakage oc- 
curred. {After Stone, Mass. 
Bui. 470.) 
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The injury to roots from the leakage of illuminating gas into the soil 
may be due to: (1) true asphyxiation, as a result of the displacement of 
the soil air by the gas; and (2) to the toxic action of the gas constituents. 
It seems probable that both are factors of importance. Illuminating 
gases are of variable composition, but they always contain substances 
which are toxic to roots. Ethylene gas is always present, and tests with 
this gas alone have shown that it will produce practically the same effects 
as the composite illuminating gas (Harvey and Rose, 1915). More 
recently Wehmer (1918) has advanced some evidence that hydrocyanic 
acid is the most toxic constituent of illuminating gas. 

Plants show considerable variation in resistance to gas poisoning. 
Most deciduous trees are sensitive to gas in the soil, as has been shown by 
tests with Carolina poplar, elm, ash, maple, catalpa, apple, pear and 
others. Conifers are much more resistant than deciduous trees, and may 
recover after injury has become apparent if the leakage of gas is stopped. 
On the contrary, deciduous trees which show clear-cut symptoms of gas 
poisoning rarely if ever recover. 

The certain diagnosis of gas injury is rather difficult and requires the 
services of an expert. It may be pointed out first that young trees, at 
least, may be killed by the leakage of illuminating gas in an amount too 
slight to be detected by the odor. This possibility should be kept in 
mind when diagnosing cases of suspected gas poisoning. Stone (1916), 
who has made rather extensive studies of gas injury through a period of 
years, has placed great emphasis on the odor of the tissue of gas-killed 
trees for the recognition of the cause. According to his experience, 

There will always be found in trees killed by gas peculiar characteristic odors 
difficult to describe and more easily recognized, at least above the ground, after 
a tree has been dead for a few weeks or a month. 

The etiolated-sweet-pea-seedling test can be used effectively in demon- 
strating the presence of illuminating gas in the soil when the odor of gas 
is not distinguishable (Knight and Crocker, 1913; Harvey and Rose, 1915). 
Seedlings may be grown in Petri dishes until several centimeters high and 
then placed under inverted cans. on the soil supposed to contain illuminat- 
ing gas. Strong concentrations of gas will cause a cessation of growth, 
while minute traces of the gas will induce diageotropic growth of the 
epicotyls, that is, they will grow in a prostrate or horizontal position. 

It is claimed that this test exceeds many fold the delicac3=" of any chemical 
test. 

The prevention of leakage of gas into the soil is given special attention 
by manufacturers, since corporations are frequently called upon to 
pay damages for killed trees. Stone (1916) has originated a special device 
to lay over gas mains to convey the leaking gas to cei'tain points above 
ground. When gas leakage is discovered it should be stopped at once. 
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Trees, except conifers, already visibly affected are not likely to recover, 
but any possible recovery will be supported by digging up the soil so as to 
allow the escape of the gas. New trees should not be set in the place of 
gas-injured ones until the soil has been thoroughly aerated. 

Injury from Illuminating Gas in the Air. — For plants grown in the 
open, illuminating gas is not likely to accumulate in the air in sufficient 
amount to cause injury by direct action on the aerial parts, but severe 
injury has been noted in house and greenhouse culture. Crocker and 
Knight (1908) showed that ethylene gas was the probable poisonous 
constituent, causing injury when present in very minute quantities. 
Carnations proved especially sensitive, buds being prevented from open- 
ing by one part of ethylene to 1,000,000 parts of air, while one part of 
ethylene to 2,000,000 of air caused open buds to close. Under house or 
greenhouse conditions only small quantities of gas are likely to be present 
in the air. 

The types of responses that are induced by illuminating gas or by 
ethylene alone are as follows: (1) Leaf fall. Old plants are more sensi- 
tive than young ones and old leaves drop more quickly than young ones. 
The falling of the leaves is probably due to the formation of an abscission 
layer. (2) Rigor and loss of irritability. (3) Bud and flower injury. 
Buds may fail to open or open flowers may close and blight. (4) E'pi- 
nasty of petioles. The drooping and twisting of leaf petioles are especially 
pronounced in certain species under suitable concentrations of gas. In 
Lycopersicum and Salvia complete spiral coils may be formed. (5) 
The formation of proliferation tissue. Soft spongy tissue may be formed at 
the lenticels in certain species, or at the leaf scars, as in Lycopersicum, or 
at more extended regions along stems. According to Doubt (1917), 
tomato, scarlet sage, sensitive plant, castor bean and Jimson weed are 
admirably adapted for use as test plants for illuminating gas in green- 
houses, as '^Hhe response in each is definite, striking and not easily mis- 
taken.” Fifty parts of illuminating gas per million of air caused epinastic 
growth of the petioles of all of these plants. Healthy specimens of any 
of these test plants grown in pots and bearing six to twelve or more leaves 
may be placed at various locations throughout the greenhouse and left 
24 to 48 hours with poor ventilation. 

With only a trace of gas present in the air, the epinastic response of the 
leaves will be very noticeable if the plants are compared with normal plants 
without gas. This bending down of the leaves will increase with the concentra- 
tion of the gas present in the air. All of these plants will drop their leaves 
with a concentration below the limit of the odor of gas. The older leaves fall 
first, the younger leaves being retained until there is one part of illuminating 
gas to 1000 of air. 

The etiolated-sweet-pea test previously mentioned may also be used 
for detecting the presence of traces of gas. 


198 


MANUAL OF PLANT DISEASES 


References 

StonEj G. E.: Injuries to shade trees from electricity. Mass, Agr, Exp. Sta. Bid. 91 : 
1-21. 1903. 

Crockee, William and Knight, L. J. : The effect of illuminating gas and ethylene on 
carnations. Bot.Gaz.4:Q: 259-276. 1908. 

Knight, L. J. and Crocker, William: Toxicity of smoke. Bot. Gaz. 5B: 337-371. 

1913. 

Stone, G. E.: Effects of illuminating gas on vegetation. Mass. Agr. Exp. Sta. Ann. 
25 (Part I): 45-60. 1913. 

Anderson, P. J. : The effect of dust from cement mills on the setting of fruit. The 
Plant World 17 : 57-m. 1914. 

Stone, G. E.: Electrical injuries to trees. Mass. Agr. Exp. Sta. Bui. 166: 1-19. 

1914. 

Harvey, E. M. and Rose, R. C.: The effects of illuminating gas on root systems. 
BotGaz.mi27-U, 1915. 

Stone, G. E.: Shade trees, characteristics, adaptation, diseases and care. Mass. 
Agr. Exp, Sta. Bui, 170 : 123-264. 1916. 

Chivers, a. H.: The injurious effects of tarvia fumes on vegetation. Phytopath. 7 : 
32-36. 1917. 

Doubt, Sarah L.: The response of plants to illuminating gas. Bot. Gaz. 63: 209- 
224. 1917. 

Wehmer, C.: Leuchtgaswirkung auf Pflanzen. Ber. Deut. Bot. Ges. 36: 135-154. 
1917. Ibid. 36: 318-332. 1917. Ibid. 35:403-410. 1917. Ibid. 36: 140- 

150. 1918. /6'id. 36 : 460-464. 1918. 

SiEVERS, F. J. : Crop injury resulting from magnesium oxide dust. Phytopath. 14 : 
108-113. 1924. 

WiBLER, A. Ueber die Ursache der bei Teerschaden an den Blattern auftretenden 
Verfarbungen. Bot. Arch. 11 : 272-314. 1925. 

SMOKE IHJURY 

The atmosphere of industrial centers in the large cities and surround- 
ing smelters in outlying districts is frequently polluted with various gases 
or dust materials which have injurious effects upon neighboring vegeta- 
tion. The most important sources of injury are the products of the 
incomplete combustion of coal and the gaseous or solid wastes resulting 
from the smelting of ores. Investigations have shown that dust and 
metallic fume are elements of minor importance as far as damage to vege- 
tation is conGerned, in comparison with the gaseous constituents of 
smoke. Under open or field conditions the most injurious gas is sulphur 
dioxide (SO2), which is formed in the burning of coal and in the smelting 
of sulphide-containing ores. Smoke injury as here considered will then 
be confined very largely to the effects of SO2. 

Historical Statement. — Smoke injury to vegetation has been recognized for many 
years, but it was not until 1866 that SO 2 was shown to be the important toxic agent. 
Very positive proof as to the extreme toxicity of sulphurous acid (HiiSOs) was pre- 
sented by Schroeder in 1872. Since that time numerous investigations and reports 
have been Issued covering various phases of the smoke-injury problem. The impor- 
tance of smoke injury in our modern life may be judged in part by the appearance of 
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three outstanding volumes: (1) ^‘Die Beschadigung der Vegetation durcli Rauch und 
die Oberharzer Huttenrauchschaden (Schroeder and Reuss, 1883); (2) ‘‘Die Beschad- 
igung der Vegetation durch Rauch (Haselhoff and Lindau, 1903), a handbook of over 
400 pages with a bibiiography of 126 titles; and (3) “Die Beschadigungen der Vegeta- 
tion durch Rauchgase und Fabriksexhalationen (Stoklasa, 1923), a very detailed 
treatise with over 400 literature citations. 

In this country the smoke nuisance in a number of the larger cities has prompted 
special investigations, those of Clevenger (1913) and McClelland (1913) of the Mellon 
Institute in Pittsburgh being noteworthy. The smoke problems of English industrial 
centers like Leeds and Sheffield have been given careful study (Crowther and Ruston, 
1911; Ruston 1921). The injury from smelter fumes has been a problem in 
various parts of the United States, and has attracted the attention of both chemists 
and plant pathologists. Special attention may be made of the work of Heywood 
(1905, 1908) in the vicinity of the famous smelter at Anaconda, Mont., and the report 
of the Selby Smelter Commission (Holmes et at., 1915) which investigated the condi- 
tions surrounding the plants of the Selby Smelting & Lead Co., in Solano County, 
California. The department of smoke investigations for the American Smelting & 
Refining Co. in Utah has continued the work started by the Selby Smelter Commission 
but on a much more elaborate scale. Other companies have followed their example 
and have given scientific study to their local problems but on a more modest scale. 

Symptoms and Effects. — Three different types of injury from sul- 
phurous acid in the air are recognized: (1) acute^ when the amount of gas 
is abnormally high, being characterized by the rapid bleaching or disap- 
pearance of chlorophyll and in most severe form by the death of the entire 
plant; (2) chronic, when small quantities of SO 2 are generally present, 
leading to a general depression of physiological processes, including 
photosynthesis, metabolism, cell division, etc., with retarded growth, 
exhausted food reserves, failure to blossom and set fruit, early leaf fall in 
deciduous forms or fall shedding of leaves by evergreens, ending ultimately 
in death; and (3) invisible, or the reduction of growth increments not 
visible to the naked eye, but expressed by yields or by modified composi- 
tion shown by careful measurements or by chemical analyses. 

There is no sharp and fast line between acute and chronic injuries, 
but acute injurfes are first indicated by characteristic changes of the 
chlorophyll-bearing structures. The response is somewhat different for 
the conifers, deciduous trees and shrubs and herbaceous forms. Acute 
injury in many conifers is marked by a wine-red coloration of the needles, 
sometimes for their entire length, or sometimes first at either base, tip 
or middle. The needles then turn brown, shrivel and fall if the action of 
the gas continues or is sufficiently severe. The amount of discoloration 
and death of leaves is variable, but in general their length of life is 
shortened, and trees close to sources of smoke frequently retain only the 
needles of a single year. In deciduous trees and shrubs the most common 
result is the appearance of yellowish-brown to dark-brown dead areas in 
the intercostal areas of the leaves while the mesophyll adjacent to the 
prominent nerves remains green for the longest time. Because of this 
localization of the dead areas the leaves showing various types of venation 
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will exhibit quite bizarre color patterns. While the intercostal location 
of the dead areas is the most frequent, the injured leaves may sometimes 
either show a dead brown border or the discoloration may be confined first 
to either tip or base of the leaf blade. In species of Primus or other forms 
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coloration advancing from the tips or margins of the leaflets so that an 
irregular green area may be left along the midrib. Lupines may show a 
dark-brown or almost black discoloration beginning at the tips of the 
leaflets, the sugar beet reddish-brown discoloration with a tendency to 
appear in the intercostal areas, while the potato may show reddish-purple 
tints similar to those characteristic of leaf roll. It should be pointed out 
in this connection that the various leaf discolorations which accompany 
SO 2 injury are in no way diagnostic characters, for very similar effects 


Fig. 66. — Maple leaf showing SO 2 injury. {After Reuss.) 


may follow injury from other agencies, such as drought, frost, sun scald, 
etc. 

Chronic injury was first recognized for conifers and, according to some 
investigators (Wislicenus), does not occur in broad-leaved trees and 
general crop plants. This view is refuted by Stoklasa (1923) and other 
recent workers. . The symptoms of chronic injury in conifers are not 
clearly defined, discoloration of the leaves being a minor symptom, while 
the injury is indicated mainly by the three following disturbances: (1) 
a shortening of the life of the needle leaves; (2) low increments of growth 
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as marked by narrow annual rings; and (3) stag head, or bare terminal 
branches. In smoke zones the life of spruce needles may be 2 to 3 
instead of 4 or 5 years, and the life of fir needles may be reduced to 4 to 6 
years in chronic smoke injury as compared with 10 to 12 years in normal 
trees. The exact effects will, of course, vary with the concentration of 
SO 2 to which the trees are exposed and with other modifying factors. 

Chronic injury to field crops may be illustrated by the results obtained 
by Stoklasa (1923) with barley, wheat and sugar beets. All crops grown 
in the smoke zone showed some foliage injury, reduction in size and vigor 
of plants, premature ripening and reduced yields as compared with the 
controls. The barley that was harvested showed a lowered starch con- 
tent and the sugar beets a reduced storage of sugar. Chronic injury' is 
well illustrated by some cases cited by Ruston (1921) from observations 
in Leeds, England. In portions of the smoke zone, bulbs flowered the 
first year but would not bloom the second season or thereafter, while 
lettuce and cabbage would grow but would not head. The behavior of 
the common privet under these conditions is also of interest: 3 miles 
north of Leeds it is evergreen and flowers, 2 miles north it is still evergreen 
but does not flower, 1 mile north but a few of the leaves are retained 
during the winter and in the center of the city the leaves fall in January, 
while in the heart of the industrial center they fall in November. Dwarf- 
ing and early leaf fall of other broad-leaved species was also noted, as may 
be illustrated by the fall of ash leaves on Sept. 18 in the industrial district 
and their retention until Nov. 1 in the district 3 miles north. Change of 
color of flowers was also noticeable, with paler tints as the industrial 
district was approached, with blues and reds tending to white and the 
bronzes to yellow. The scarlet of geraniums became streaked with 
purple and the blood-red wall flower streaked with yellow. Chronic 
injury has also been noted for tree fruits and grapes (Stoklasa, 1923). 
The former set little or no fruit and in the latter the clu^ers were reduced 
in size, and by the month of August visible reddish-brown flecks appeared 
in the leaves. 

The existence of invisible injury has been disputed by some workers, 
but Stoklasa and other German investigators have pointed out the 
serious injuries which may occur in the absence of either acute or chronic 
symptoms. The action of the SO 2 has a depressing effect on photosyn- 
thesis and other physiological activities, resulting in a general slowing 
down of constructive metabolism. Some of these depressions are 
reflected in the lowered starch content and reduced weight of cereals, 
reduced sugar content of organs in which this carbohydrate is normally 
stored, a low rate of protein to non-protein sulphur, reduced or lowered 
viability of seed and decreased hardiness or increased susceptibility to the 
inroads of some parasites. Ruston (1921) cites the case of oats grown in 
the outlying districts of Leeds, which had a germination of 98 per cent, 
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while seed from the industrial center showed only 17 per cent viable. 
The effect on hardiness of winter annuals is shown by the winter killing 
of spinach, cabbage and wall flower in the regions around Leeds in which 
the annual deposit in soot per square mile was 200 tons or more, whereas 
beyond this area in regions with an annual deposit of 100 tons per 
square mile fall planting was uncertain, while the same plants were 
winter hardy in the more outljdng districts. 

The indirect effect of smoke pollution as a result of soil changes has 
been emphasized by some investigators (Ruston, 1921). 

The acidity of the smoke will deplete the soil of its calcium carbonate and in 
so doing will modify to a large extent the number and activity of the soil flora. 
The greater the acidity of the soil the smaller the number of bacteria present in 
the soil, and the less their activity, the nitrifying organisms being found to be 
most susceptible. Bacteriological analyses -were presented to show that the 
detrimental effect of the smoky atmosphere upon plant growth is partly due to 
unfavorable changes in the soil, such as the steady depletion of the stock of 
calcium carbonate and the inhibition of the activities of the nitrogen-adapting 
soil flora. 

Smoke pollution of soils affects the root system, “plants grown in soil 
that has been exposed for long to such pollution being marked by an 
almost entire absence of root hairs and fibrous roots.^^ 

Etiology. — It has been repeatedly demonstrated that SO 2 is the most 
important polluting agent in the smoke of industrial centers or from 
smelters, and experiments have shown the extreme toxicity of this com- 
pound for growing plants. SO2 is a colorless gas, with a characteristic 
suffocating odor, and is 2.21 times heavier than air. It has a bleaching 
action upon many organic coloring matters, as may be illustrated by its 
effect upon chlorophyll and the pigments of flowers. In the presence of 
water it behaves as though sulphurous acid (H2SO3) were formed, but this 
substance has never been isolated. It may be still further oxidized to 
form sulphuric acid (H2SO4) and some of the spotting of leaves and 
flowers in smoke zones is due to the action of this acid. 

The average person cannot detect SO 2 in the atmosphere by the odor 
when the amount is below 3 parts per million of air. Injury to plants may 
result, however, when the amount is much less than can be detected by 
odor. The concentrations required to do injury to plants, according to 
published reports based on field analyses and experimental tests, vary 
from 1 to 40 parts SO 2 per million parts of air. The toxicity danger point 
will vary for different plants, and will be affected by their stage of develop- 
ment, but will also be modified by environmental factors. The toxic 
limits for some trees have been given as follows: oak, 1 : 720,000; pine,! : 
500,000; and beech, 1:314,000. Roses show visible injuiy with concen- 
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trations of 1:250,000 to 500,000. According to Holmes et aZ(1915), ''a 
concentration of 10 parts SO 2 per million parts of air is necessary to pro- 
duce injury to growing grain” The figures are sufficient to emphasize 
the extreme toxicity of SO 2 . 

There has been some difference of opinion as to the avenue of entrance 
of the SO 2 , some of the earlier workers contending that it penetrated the 
epideimal walls as readily as through the stomatal openings, but Weiler 
(1905) working with deciduous trees and Neger (1914) with conifers have 
shown that the penetration is almost exclusively through the stomata. 
This will hold true for fully formed leaves with well-developed cuticle, 
but in immature tissues an appreciable absorption will take place through 
the epidermal wall. The conclusion is based on the observations that any 
treatments which cause a closing of the stomata during the period of 
exposure to SO 2 will either prevent the injurj^ entirely or very greatly 
retard it. 

The sensitiveness of conifers to smoke injury is a matter of common 
observati6n, and this has been attributed in large part to the clogging of 
the stomata by soot and tars, the deeply sunken stomatal pits being 
especially favorable for the collection of these materials (Bakke, 1914). 
Numerous microscopic examinations of conifers from smoke zones have 
shown heavy black deposits overlying the guard ceils, and these deposits 
were believed to be tar or soot originating from the smoke. This subject 
has recently been investigated by Rine (1924), w’^ho has found the same 
deposits in the stomata of leaves far away from any smoke zones. He 
concludes that the black stomatal deposit is a natural product of the leaf 
in xerophytic conifers in the nature of a wax which is finely granular and 
permeable to gases, and therefore that no relation exists ^‘between wax 
in the stomata and the high sensitiveness of certain conifers to smoke, 
except that as a factor inducing xerophytism the w^’ax may lower the 
resistance of the tree.^^ 

The injurious effect of SO 2 is due to its diffusion through the stomatal 
openings into the interior intercellular spaces and its penetration into the 
living cells, where it interferes with the physiological functions of cyto- 
plasm, kinoplasm and chlorophyll or in acute injury completely inhibits 
the life processes. This injury depends, in part, on the affinity of the SO 2 
for oxygen and its tendency to combine with aldehydes, substances 
formed especially in chlorophyll-bearing cells. SO 2 will, therefore, be 
expected to have a profound influence upon the photosynthetic processes 
or the construction of carbohydrate food. Microscopic tests show that 
leaves injured by SO 2 will contain either no starch grains or very few^, and 
this is in accord with the influence of SO 2 in reducing the carbohydrates in 
seeds or vegetative storage organs. The reduced supply of available 
carbohydrates will, therefore, materially reduce the constructive proc- 
esses or the growth of the injured plants. 
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The presence of small quantities of SO2 has a marked effect on the 
process of transpiration or water loss. First, there is an increase in the 
rate of transpiration, to be followed soon by a lower water loss than takes 
place in normal plants. Since transpiration is something of a measure of 
growth, retarded growth should be expected in SO2 poisoning. This 
effect on transpiration may be noted in the different response of healthy 
shoots and those injured by SO2. In healthy shoots the leaves draw 
moisture from the young succulent stem, which will wilt and droop, 
while under exactly the same conditions the smoke-in juz’ed shoot will 
remain turgid and erect. 

SO2 injury is increased by light, moist air and high temperature. 
When plants are exposed to a toxic concentration of the gas, specimens 
placed in the light are injured, while others treated in every way the same, 
except for being kept in darkness, will show no injury. The amount of 
injury for a given concentration of gas is proportional to the intensity of 
the illumination, or it might be stated perhaps with more exactness that 
the greater the photosynthetic activity the greater the injury. This 
being true, the SO2 injury is negligible during the night periods and sinks 
to a minimum during the winter when plants are dormant. It has fre- 
quently been demonstrated that injury occurs sooner in warm, moist 
weather than under cool, dry conditions. Injury to young sugar beets 
has been noted in moist, warm weather in contrast to slight or no injury 
when dry weather prevailed. 

The Diagnosis of SO2 Injury. — The determination of the presence or 
absence of SO2 injury in a suspected case is not a vsimple matter, since 
symptoms alone are not conclusive proof of the type of injury. The 
absence of known parasitic troubles should be given consideration, but 
their presence should not be taken too seriously as indicating the absence 
of SO2 injury. In connection with the symptomology certain tests may 
be employed which will aid in arriving at a correct diagnosis. Some of 
these are: (1) an analysis of the air at representative stations for its SO2 
content for comparison with known toxic concentrations; (2) analyses of 
the leaves of plants from smoke zones for their SO2 content, for compari- 
son with similar leaves from normal habitats: (3) the behavior of special 
plant indicators, or the use. of catch plants; and (4) the study of lenticel 
sections from sensitive species for the presence of a sublenticular area of 
brown dead tissue walled off from the sound tissue by a cork layer 
(Neger, 1919). 

Numerous analyses of smoke-injured foliage have shown that the SO2 
content is frequently two to four times greater in the injured leaves than 
in normal leaves of the same species. Since, however, the SO2 content of 
plant tissues is influenced by the soil compovsition, conclusions based on 
leaf analysis must be made with care. Lichens are especially valuable 
as indicators of SO2 injury, since they are especially sensitive. They are 



Fig. 67.— Section showing effect of SO2 on subicnticular tissue. (After Dr. K-upka.) 

Susceptibmty of Species to SO2 Injury.— Many observations have 
shown great variations in the sensitiveness of various species to SO 2 
injury. Stoklasa (1923) gives the comparative sensitiveness of 44 herba- 
ceous species, indicating the lupine (L, angustifoUiis) as the most suscep- 
tible and chicory {Cichorium intyhus) as the most resistant. I'arious 
legumes, including clovers, beans, peas, lentils and alfalfa, occupy the 
sensitive end of the list, grasses and cereals an intermediate position, while 
beets, potatoes and Brassica species stand near to chicory. Among 
garden ornamentals, roses are reported as especially sensitive, responding 
to 0.00026 to 0.00058 volume per cent of SO 2 by the appearance of red- 
dish-violet spots due to the formation of anthocyanin in the cells of the 
epidermis and palisade parenchyma. The common iris is noted by 
Huston (1921) as the most smoke-resistant ornamental. There is a 
general agreement that coniferous trees are more sensitive than deciduous 
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rare or absent from the trees of cities, due largely to the SO 2 content of the 
air, but it may be noted that their prevalence is affected by other factors 
also. The epiphytic alga Pleurococcus has also been cited as an indicator, 
but it is less sensitive than lichens. Several different cultivated plants 
have been recommended as catch plants for cultivation in areas in which 
smoke injury is suspected: (1) beans (Phaseolm vulgaris) by Sorauer; (2) 
species of Polygonum or Rheum by Haselhoff and Lindaii; (3) a variety of 
grapes the leaves of which turn red when injured by SO 2 (Weiler); and 
{4:) Lupinus angustifoUus by Stoklasa. The chlorophyll of lupine, which 
is especially sensitive, is decomposed by 0.0004 to 0.0008 volume per cent 
of SO 2 . The essential in the catch-plant method is the use of a sensitive 
species in which injury may be determined with certainty by botanical 
or chemical means. 
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trees, with the exception of the ash {Fraxinus excelsior), which Stoklasa 
places at the sensitive end of a list of 30 tree species. The spruce {Picea 
excelsa) is noted as the most sensitive of the evergreens, with the common 
yew {Taxus baccata) the most resistant. The maple (Acer campestre) is 
the most resistant of the deciduous trees, while the fruit trees, cherries, 
apples, peaches and apricots, occupy an intermediate position between the 
conifers and most other deciduous trees, although the birch (Betiila alba) 
is more sensitive than some of the fruit trees. 

Control or Prevention. — The prevention of injury to the natural 
vegetation or to cultivated crops is largely in the hands of the agencies 
which are responsible for the smoke production. The methods for the 
mitigation of the smoke nuisance are based on either the retention of 
the injurious substances or their dissipation in such dilute form that the 
concentration will never reach the danger point. Some of the suggested 
methods of retaining the noxious gas are condensation methods, decompo- 
sition with hydrogen sulphide with the deposition of sulphur, absorption 
of the acid gases by basic materials, or washing the gaseous output with 
water. If the commercial demand justifies, the SO 2 output may be uti- 
lized as a source of sulphuric acid. The devices for diluting the SO 2 
before it reaches vegetation are high smokestacks, numerous small stacks, 
or some modification of this principle, or special devices for diluting the 
SO 2 with air or combination of diluting and deacidifying. When it can 
be proved that industrial plants are responsible for crop damage as a 
result of SO 2 or other exhalations, they are liable for damage. 

When the elimination of the smoke injury is not or cannot be accom- 
plished, a certain measure of relief can be obtained by the selection of 
more resistant species for cultivation. 
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CHAPTER XI 


DISEASES DUE TO CONTROL PRACTICES 

The treatment to save crops from losses due to diseases or to insect 
pests is sometimes as productive of injury as the disease or pest. In 
treating seeds or plants with either fungicides or insecticides, by spraying, 
dusting, steeping or fumigating, chemical elements or compounds are 
employed that are poisonous or toxic to fungi, bacteria or insects, and 
these same preparations may be toxic or have injurious effects upon our 
crop plants or upon the commercial products. 

Injuries from Spraying or Seed Disinfection.— The successful use of 
chemical poisons for disease or pest control is based on the selection of 
compounds which will have the desired effect upon the pathogenes, inhibit- 
ing their growth or killing them outright, without causing serious injury 
to the crop plants which they parasitize. The principal preparations 
which have caused serious spray injury in agricultural practice are copper- 
containing fungicides, especially Bordeaux, lime sulphur or other sulphur 
sprays, arsenicals used for chewing insects and oil sprays used as contact 
insecticides. Of the many chemicals tried for disinfecting seeds, only a 
few have been widely used, the most important being mercuric chloride 
or corrosive sublimate, copper sulphate, or bluestone, and formaldehyde. 
Under certain conditions all have caused injury, either by reducing vigor of 
growth or by reducing the actual germination percentage. Both spray 
injury and seed injury will be treated more in detail. 

Injuries from Fumigation.— The use of fumigation as a method of 
distributing the chemical is also fraught with danger. The fumigation of 
potato tubers with formaldehyde for scab control resulted in so much 
injury that the method has never come into general use (Morse, 1907). 
Cyanide fumigation of greenhouses for the control of white flies or other 
insects frequently results disastrously, since different species of plants 
show a varying tolerance and seedling plants are generally more sensitive 
than more mature plants. This makes it more difficult to be sure of a 
safe dosage, since frequently mixed cultures of varying -ages must be 
protected. Even in cyanide fumigation of citrus trees in the open, the 
dosage must be very carefully adjusted to avoid injury. In this con- 
nection the practices of anesthesia to advance the date of blossoming may 
be mentioned. The fumes of ether, chloroforni or other anesthetic may 
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have tlie desired stimulating effect, but they may also result in the death 
of the plant; hence the treatment requires special care. 

■Injuries Due to Soil Sterilization. — Chemical preparations may also 
be added to the soil to kill either bacteria, fungi or insects. The persist- 
ence of these chemicals in the soil or their interactions in the soil may 
result in injurious aftereffects upon the crop to be protected or upon 
following crops. For instance, if sulphur is used in large amounts to 
control potato scab in contaminated soils (Sherbakoff, 1914), the yield 
of following crops is reduced. The use of cyanamid, as recommended by 
Watson (1917), for the sterilization of soil for eelworms or nematodes 
caused so much burning or scorching of crops planted after the treatment 
that it was necessary to modify the practice (Watson, 1921). Carbon 
bisulphide has been used for soil disinfection for nematodes or soil-infest- 
ing insects, but its use is difficult or impossible except in unoccupied areas, 
because of the poisonous effects upon the roots of plants. 

Injuries Due to Refrigeration. — Brief mention may be made of the 
injurious effects of refrigeration in the storage or transport of fruit. The 
low temperatures are used to slow down the life processes in the fruit 
tissues and to retard the growth of rot-producing fungi. In wrapped 
peaches the browning and death of external patches, known as ^Mce 
scald, illustrates one of the difficulties encountered in refrigeration (Hill, 
1913). The internal browning of the Yellow Newtown apple is due in 
part to holding the fruit for a prolonged period at too low a temperature 
(BaUard et al., 1922). Brown heart of apples has been shown to develop 
under those conditions of refrigeration which were designed to prolong 
the storage life by retarding scald and inhibiting the action of rot-produc- 
ing fungi (Kidd and West, 1923). 

References 

Mohse, W. J.: The preTention of potato scab. Maine Agn Exp. Sta. Bui 141 : 81- 
92. 1907. 

Potato diseases in 1907, Treating potatoes with formaldehyde gas to prevent 

scab. Maine Agr. Exp, Sta. Bui. 149: 304-316. 1907. 

Hill, G. R. Je.: Respiration of fruits and growing plant tissues in certain gases, with 
reference to ventilation and fruit storage. Cornell Umv. Agr, Exp. Sta. Bui 
330: 375-408. 1913. 

Sherbakoff, C. D.: Potato scab and sulphur disinfection. Cornell Unir. Agr. Exp. 
Sta. Bui 350 : 706-743. 1914. 

Watsox, J. R.: Control of root-knot by calcium cyanamid and other means. Fla. 
Agr. Exp. Sta. Bui 136: 146-160. 1917. 

: Control of root-knot II. Fla. Agr. Exp. Sta. Bui 169: 30-44. 1921. 

Ballard, W. S., Magness, J. R, and Hawkins, Lon A.: Internal browning of the 
Yellow Newtown apple. U. S. Dept. Agr. Bnl 1104:: 1-24. 1922. 

Kidd, F. and West, C.: Brown-heart — a functional disease of apples and pears. 
Dept, of Sci. and Ind. Res.j Food Invest. Board., London, Special Revt. 12 : 1—54 
London. 1923. 


211 


DISEASES DUE TO CONTROL FEACTICES 

BORDEAUX INJURY 

ThrougK the work of the U. S. Department of Agriculture, Bordeaux 
mixture was introduced into this country in 1887. It soon came to be the 
generally accepted fungicide for the protection of growing crops from the 
attacks of various parasitic fungi. The principal complaints of injury 
from its use have been from orchardists. Apple and peach trees have 
been most generally affected. The injury from Bordeaux has been 
known under such names as Bordeaux scald, spray injury, Bordeaux 
burning, spray russeting, cork russeting and yellow leaf. 

Types of Spray Injury. — The application of a chemical compound as 
a spray to the foliage or other aerial parts of crop plants may cause certain 
types of injury. Without at this time specifying any particular fungi- 
cide, the injurious effects which may follow spraying may be grouped as 
follows: 

1. Leaf injuries: Staining, spotting, shot holing, burning, yellowing 
and defoliation or leaf fall. 

2. Twig injuries: Spotting, general discoloration, cankers, gummosis 
or dieback. 

3. Blossom injuries: Blighting of parts and failure to set fruit. 

4. Fruit injuries: Staining, spotting or russeting, malforming and 
cracking, burning, reduction in size, dropping or modification of 
composition. 

5. Entire plant : General necrosis and death. 

Not all the effects will follow from the use of a single fungicide on a 
given plant, but different crops will exhibit varying responses. It may 
be noted, however, that the possible injuries are very similar to the effects 
of the parasites which the sprays are intended to prevent or control. 

History of Bordeaux Injury, — Early in. the use of Bordeaux in this country the 
injurious effects upon the apple were noted, and attention has repeatedly been called 
to the dangers of spraying various crops with copper preparations. Despite its 
injurious effects, Bordeaux continued to be the prevailing orchard fungicide until the 
discovery of lime sulphur, which has supplanted it in the control of many diseases. 
Even as early as 1889, Weed stated that Bordeaux was not safe for spraying apples for 
scab. There were numerous reports of a similar character in Experiment Station 
literature in this country, and. European investigations also were much eoncerned 
with the injurious effects of Bordeaux. Some of the earlier reports in America were 
by Jones (1S92), Green (1893), Beach (1894), Lodeman (1894--1896), Duggar (1898) 
and Stewart and Eustace (1902). The urgent need for a safe spray for the control 
of the l.)rown rot of tiie i)each led to the work of Bain (1902), a physiological investiga- 
tion witli special reference to the injurious effects of fungicides on peach foliage. 
Despite various recommendations for the prevention of injury in apple orchards, 
growers still experienced much trouble, and this led to the detailed investigations of 
the whole subject of Bordeaux injury by Hedrick (1907), who gave special attention 
to cause, favoring fa(*tors and methods of prevention. Mention should also be made 
of the work of Crandall (lfK)9) on Bordeaux mixture in general and his study of the 
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relation of meteoric factors to foliage and fmit injury. Severe injury to peaches in 
New Jersey in the spring of 1909 led to a special study of Bordeaux injury on peaches 
by Groth (1910). 

Symptoms and Effects of Bordeaux Injury— Since it is not the custom 
to spray fruit plants with Bordeaux when they are in bloom, injury to the 
blossoms has but little practical significance. Both foliage and fruit 
may be injured, and in the apple the fruit injuries have been the principal 
handicap to the use of Bordeaux. 

Some of the common names of the injury, as “spray russeting” and “cork 
russeting,” indicate in a very general way the nature of the injury on the fruit. 
Injured specimens always become more or less rough and russeted and the layers 
of damaged ceOs thick and corky (Hedrick, 1907). 



n Bordeaux inj^. A, severe Bordeaux injury of half-grown Baldwin annies- 

Bzp Sta^TuIzsZ ^ Greening apple. {After Hedrick, N. Y. 


1 he injury appears first as small dark or brown specks, less than 1 
milhmeter in diameter, and these are more or less isolated, or they may 
be so numerous as to coalesce and form rather extended russeted areas 
i he location of the injured areas will depend upon the position of the 

applied, being on the surface to 
which the greatest quantity of the spray material adheres. Severe 
mjuries to young fruits may cause more or less distortion in shape, due to 
localized atrophy or shrinking of tissue, or in other cases to teat-like 
2 formations As the severely affected fruits grow older, deep cracks 
ay form and these may be healed over with the formation of cork cells 
red spots, centering at the lenticels, on yellow- 

Sma? 1 It 1“ ^ the effects of Bordeaux (Barss and 

Modora+f. ’ Other agencies may also produce similar effects. 

Moderate russeting is of mam concern as affecting the appearance of the 
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fruit, but the market value may be ruined by the more severe types of 
injury. Bordeaux-injured apples have poor keeping qualities, since they 
lose moisture more rapidly than normal fruits and are more easily invaded 
by rot-producing fungi. A very similar russeting of the fruit is caused by 
frosts during the young stages of growth (see Frost Injury, p. 156). 



Fig. 69. Bordeaux spotting of apple leaf. {After Hedrick^ N, F. (Geneva) Exp. Sta. 

BuL 287,) 

In addition to the production of localized lesions, Bordeaux has been 
noted to cause reduction in the size of cherries and also an increased 
susceptibility to frost injury (Dutton and Wells, 1923). 

On the foliage, Bordeaux injury very greatly resembles the leaf spot supposed 
to be caused by any one of several fungi. The affected leaves first show dead, 
brown spots; the majority of these spots are circular or roundish with a diameter 
of 2 or 3 millimeters, but they are of various shapes and sizes; many are of 
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If the spots are few in number, no other effects may be noticed but if 
numerous, the intervening tissues may turn pale green or yellow snW +h^ 
'>11 The of leaf fall varies Lm'almosT “eal' 

complete defoliation. A loss of one-third to one-half of the fohaae wal 
considered a fair average for New York orchards in 1905, a season very 
conducive to Bordeaux injury. In the most extreme type of leaf iniurv 
the affected trees may look as though they have been scorched by fire 

five fn B T r moreLat 

t ve to Bordeaux or to other copper fungicides than the apple. Spotti^ 
ining and defoliation will be more severe with the peach than with the 
apple when both are subjected to the same conditions but the peach vdll 

also show a shot holing of the foliage. The shot-Me effect Ts not 

response that is peculiar to Bordeaux injury, but is simply a L response 
to localised injury of leaf tissue, and may be induced by various Xr 

factors (Duggar, 1898). Even very weak Bordeaux may cause il^ to 

p aches if certain favorable conditions prevail In addition fo 
h°r£,p «o“‘ of the sprayed twip 

has b“ Si r 

same forimiI« rfu ™ same varieties and with the 

heavy damage and anotSr to IMm ^7omTof Z 

features which favor or promote Bordeaux injury are as follows” a uf 

use of excessive quantities of the mixture- (2) the f e ! 

tions or of those that contain an e^Zoio^^T 

to the foliage, due to the presence of fungi or to the Xk 

damp, foggy or rainy weather immediate^ fo wf T (4) ' 

the spray. It has bL the ex^^^ 

they apply the greater the iniurv thet J. ^ th^t the more spray 

cause more injury than a finely divided ’ifostT^v 

leaves and fruit with a thin film With thTttin Z 

high a concentration of coDoer at nmr . ^ hlms there is never so 

and thick copper deposits are formpB ^ pomt as when drops collect 
toted that tor^TZ hT cnn i^n ^ he 

increase the amrnt of Bordeaux will 

'te ui'rir ^ '^ss, 

pounds, lime 4 pounds waterSll!-! ff , ®^Iphate 0 

las became the nile, an’d the 4^-90 formto or 4Vundfof SpptTuI^^^^^^^^ 
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4 pounds of lime and 50 gallons of water was one of the common standards, 
although the copper Sulphate content has varied from 2 to 6 pounds and 
the amount of lime from 2 to 10 pounds. Experience showed that the 
old formulas contained more copper than was really necessary to give the 
desired protection and that the danger of injury was much greater. It 
has been possible to obtain good protection against scab of apples with a 
3-3-50 formula and for various troubles on cherries and more susceptible 
stone fruits a 2-4-50 formula has been reasonably safe, while in some 
regions a 3-10-50 formula has reduced the amount of russeting in apples. 

Bordeaux mixture made by using equal quantities of copper sulphate 
and lime or an excess of lime does not prevent injury, but the danger of 
injury is somewhat lessened. Hedrick (1907) opposed this view, but his 
conclusion has not been upheld by more recent practices. The influence 
of insect injuries and the presence of fungous parasites on the foliage have 
been mentioned by various workers as increasing the amount of Bordeaux 
injury. This may be explained by the easier penetration of the copper 
through the abrasions or breaks in the leaf surface. 

Many of the anomalies of Bordeaux injury can be explained by the 
pronounced influence of the weather conditions which prevail during and 
immediately following the spraying operations. The general opinion of 
fruit growers that wet weather favors the trouble was confirmed by 
experiments by Hedrick (1907). This relation of meteoric moisture to 
injury was investigated in more detail by Crandall (1909), who states: 

The importance of rain and dew as agents causing brown spotting of foliage 
following applications of Bordeaux mixture is well attested by the uniform 
results obtained from the experiments with covered and uncovered trees. Two 
trees were sprayed heavily; one was left exposed, the other was protected from 
all rain and dew. This was repeated during three seasons. In each year the 
foliage of the exposed tree was more or less injured by brown spots, while the 
tree protected from rain remained free from injury. 

The increased injury during humid, cloudy periods is now a generally 
accepted fact, but the theories as to the exact way in which the injury 
results have been somewhat at variance. 

Etiology. — Bordeaux mixture is made by bringing together a solution 
of bluestone, or copper sulphate, and milk of lime made by slacking quick- 
lime in water. Much has been written about the chemical composition 
and the physical properties of this preparation but these features cannot 
be discussed at this point. 

One important character of Bordeaux mixture is agreed upon by all chemists; 
namely, that all but a trace of the copper is in the form of an insoluble precipi- 
tate. The clear liquid above this precipitate, which always forms when the 
mixture stands, has no value as a fungicide, the precipitate containing all of the 
fungicidal properties (Hedrick, 1907). 
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It IS this finely divided precipitate which is deposited upon the olanf 
surfaces in spraying, _ and under atmospheric conditions the copner 
hydroxide is changed into copper carbonate. Under bright, sunny con- 
ditions dissolved copper does not penetrate the leaf tissues and cause 
injury, but under the conditions which prevail during humid cloudv 
wea er more IS brought into solution and more penetrates the plant 
tissues^ hence the increased injury. ^ 

It has been stated by various investigators that substances secreted 
by the sprayed plant or by germmating spores of fungi furnish conditions 
foi the solution of small amounts of copper. It should be noted that dur- 
g blight weather transpiration is active, the stomata are frequently more 
or less closed and the intake of carbon dioxide is in excess of the outgo or 

transpiratiL’ is 

checked the stomata are open, photosynthesis with its consumption of 

bo?°d- respiration with its production of car- 

n dioxide is still active. A consideration of the above facts Jcri 

itS*v of th^^ formulate the following theory of Bordeaux injury in his 
study of the spray injury of peaches. J y is 

Bordeaux injury is generally slow in developing. It begins after th« 
rams supply the requisite moisture and may continue to^dLei f 

dangerous, but Hedrick (1907) has pointed Uut °d apples was 

on fruit comes from early spraying after the blnss h “jury 

it is not probable that Lch Imk^ • 
shed and the stomata changed into Lticel " 

SusceptibiUty of Different Species and Varieties q 

crop plants are so tolerant to Conner that ^Pe^^es of 

the use of Bordeaux even nnT ® 

especially favorable. This is tr^?Ct£ nT 

protected from late blight by the use of Omfuf 7'^ 
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the foliage of these trees. In spraying practice it is found that the apricot and 
the Japanese plum behave much as does the peach when sprayed with Bordeaux 
mixture, and that the Domestica plums, while not so easily injured, yet not infre- 
quently show harmful effects on both fruit and foliage (Hedrick 1907). 

Cherries are more comparable to the Domestica plums, but sweet 
cherries are more sensitive than sour varieties. The grape is also injured 
by copper sprays and much has been written concerning the injury from 
and the protection afforded by various preparations. The apple, quince 
and pear are about equal in their tolerance to Bordeaux. Both pears and 
apples show considerable variation in the resistance of different varieties 
to copper. Hedrick groups pears into varieties injured badly and those 
injured but little, the Anjou belonging to the former and Bartlett and 
Winter Nelis to the latter. Apples show a much greater variation in 
susceptibility, and resistance seems to be a definite variety character. 

Fruit and foliage do not always show the same degree of immunity; that 
is, a variety may be susceptible to the injury on the fruit and compara- 
tively immune in the foliage or the reverse” (Hedrick, 1907). Over 150 
varieties of apples were classified by Hedrick as to their immunity to 
Bordeaux injury and grouped in the following divisions: (1) no injury or 
very slight; (2) slight injury; (3) badly injured; and (4) very badly injured. 
Important commercial varieties are found in each group, but the classifi- 
cation shows that the Russian varieties and crabs are generally more 
subject to Bordeaux injury than other varieties, although some important 
Russian varieties are highly resistant. 

Prevention. — The danger of injury from the use of Bordeaux has led 
to its abandonment as an orchard spray whenever it has been possible 
to find a satisfactory substitute. This has led to the use of lime sulphur 
or sulphur dust in certain regions. For certain diseases of apples, for 
example, bitter rot, blotch and Pacific Coast anthracnose, Bordeaux is 
still the most satisfactory fungicide. In case Bordeaux must be used for 
spraying apples, it will be impossible to prevent some injury because of 
the influence of climatic factors over which the grower has no control, but 
the effort should be made to cut the injury down to as slight an amount as 
possible. The following recommendations should be the guide in so far 
as possible: (1) Consider the resistance to Bordeaux injury, but select 
for planting varieties that are otherwise adapted to the environment; 
(2) reduce the formula to the one containing the least amount of copper 
sulphate that will give the desired protection, and use an excess of lime 
and a casein spreader; (3) practice moderation in spraying, that is, spray 
with a fine mist that will cover, but not drip heavily; (4) spray as nearly 
as possible in dry weather, avoiding damp, foggy or rainy periods; (5) 
remember that early sprayings are the most dangerous, and give special 
attention to cutting down injuries at that time. 
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LIME-SULPHUR INJURY 

Lime-sulphur was first introduced into orchard practice as a substitute 
for Bordeaux mixture and was heralded by its advocates as a preparation 
which would eliminate spray injury, especially in the apple orchards, but 
It was soon found to cause several different types of injury. 

^ commercial scale as a summer spray by 
Cordley m 1908 and its general adoption as an orchard spray followed very quicklv in 
the Pacific Northwest and in the eastern United States. Serious injury to Ses wa“ 

fimr., f ^ ^a^ace (1910) made a speckl study of 

hme-sulphur mjury pvmg special attention to apples and peaches. His work was 
concerned mamly with foliage injury, as fruit injury seemed to be rare under New Y^k 
conditions. _ The success which attended the use of lime sulphur for apple scab led to 
ite substitution for Bordeaux in the spraying of potatoes for late blighrand its iliury 
to the potato w^ revealed by the tests first published by Stewart Md French (1919) 
and ontmued by Munn (1912, 1915). The introduction of lime-sulphS spr vini 

Tet ^ '""If Northwest soon showed that the Srav 

behaved (Merently under the prevailing climatic conditions. A new phase of lime^ 

£ OreZ^ ^h^' fruit, formed the subject of a special investigation 
y _ 0 (lyidj in Oregon. The unsatisfactory character of lime siilDhnr 

Neffh adoption of iron sulphide in the Pajaro Valley of California (IfiM) 

pother and more severe type of injury was first reported from Nova Soofk in 
1914, growers clarmmg that they had “sprayed their Apples offThe ^es^- ThS 
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indirect injury to the fruit has been investigated in some detail by Sanders (1922) and 
a somewhat similar eifect of lime-sulphur injury has been noted in other regions having 
about equivalent amounts of sunshine during the growing season. 

Symptoms and Effects of Lime-sulplmr Injiiry. — ^Lime sulphur may 
cause localized injury to either foliage or fruit, causing characteristic 
lesions. It may also cause the dropping of fruit as the result of inter- 
ference with the physiological processes carried out by the foliage, and in 
certain plants may have a retarding or inhibiting effect upon growth and 
cause reduction in yield without the production of evident lesions. 

Foliage injury of the apple may be of several types. 

Perhaps the most common type is the dull-brown spotting or marginal and tip 
burning which occurs where hanging drops of the solution have gradually become 
more concentrated during the drying process (Wallace, 1910). 

In the case of lesions removed from the margin of the leaf, a scab 
infection or an insect injury usually marks their centers. With numerous 
scab infections the burning may be general and severe. Even in the 
absence of scab, heavy drenching of the foliage may result in the burning 
of large areas or of entire leaves. 

In general, lime-sulphur solution, unless applied very weak, is likely 
to cause considerable burning of peach foliage. The occurrence and the 
character are quite different from that on apple foliage. In the latter 
case, the dark-brown spots or burned areas at the tip or margin of the leaf 
appear within about 2 days after the application. On the peach it may be 
almost a week before the spotting is noticeable. Then, certain definitely 
outlined spots appear, usually rather pale green, with darker green or 
reddish-brown borders. In mild cases it somewhat resembles the effect 
of the leaf-spot fungus; and, as in leaf spot, the injured parts finally drop 
out, leaving the shot-hole effect. /Wery slight injury is sufficient to 
cause the falling of peach leaves, so that defoliation in severe cases is 
likely to be very noticeable (Wallace, 1910). 

Experience in general has substantiated the conclusions of Wallace 
(1910) that: 

If any russeting has been caused by lime sulphur, it is so little more evident 
than the natural- russeting that has occurred quite commonly this season that 
it is very hard to distinguish between the two. 

According to Bonns (1911), ^'Results from many experiments show 
absence or reduction of fruit russeting with the use of lime sulphur.^’ 
Although lime sulphur does not cause any appreciable russeting of apples, 
under certain climatic conditions it does produce direct fruit injuries.^ 

1 Since the above was written, Young and Walton have reported rather general 
russeting from the use of lime sulphur (Young, H. C. and Walton, R. C.: Spray 
injury to apple. 16 : 405 ^ 415 , 1925 ). 
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If used during periods of high temperatures and intense sunshine it may 
cause a burning of the fruit, which may be called “sulphur sun scald ’’ 
the lesions being very similar to those due to sun scald alone.' The effect 
on the fruit is the appearance of a pale-brown, more or less circular area 
on the sun-exposed cheek of the fruit. As a result of the death of under- 
lying cells, the spot becomes darker, and flattened or even slightly 
depressed, and the affected area may be somewhat checked or cracked, 
ilus type of fruit injury seems to be confined very largely to the semiarid 
irrigated fruit districts which are characterized by high summer tempera- 
tures and mtense sunshine, or to exceptionally hot and dry seasons in 
regions which are normally fairly humid. 


Fig. TO.—Sulphur sun scaid of apples. 


Until quite recently this direct fruit injury was believed to bo tlv 

applicaL^ 

nropping cl the fruit followmg the use of lime sulphur has caused 
»nous losses under very different climatic oonditionT TsS 

ifC^rcoT” T ““"I*® 

in IN ova bcotia. Trees were sprayed with Bordeaux in fini ^ t 
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its use until 1919. During tlie 7-year period tlie crop did not in any year reach 
1,000,000 barrels. In 1919 the growers there changed to a 3-10-50 Bordeaux 
and used an •appreciable amount of dusting material, with the result that they 
produced over 1,000,000 barrels. In 1920 lime sulphur was completely 
abandoned and a greater amount of dust used than ever before, and that year a 
crop of nearly 1,200,000 barrels resulted. In 1921 two-thirds of the orchards 
there were dusted and the remainder sprayed with the modified Bordeaux, and 
a crop of over 1,500,000 barrels was produced. In other words, changing to 
dusting and modified Bordeaux and the abandoning of lime sulphur have not 
only almost doubled the Nova Scotia apple crop, but it has given them three 
large crops of clean fruit in succession. 

■ It was estimated that the yearly loss in Nova Scotia from 1912 to 
1918 from the use of lime sulphur amounted to over 700,000 barrels. 
The dropping of the fruit has also been noted in a number of localities 
when lime sulphur is used but the earlier applications omitted. Since the 
dropping of the fruit would have been prevented by gradually accustom- 
ing the trees to lime sulphur by the earlier applications, the behavior 
noted is referred to as ^^sulphur shock,^' 

The best illustration of the retarding or inhibiting effect of lime 
sulphur on a crop of a different character is shown by the comparison of 
Bordeaux and lime sulphur as a spray for potatoes. From tests carried 
out in New York during four successive seasons (1911-1914), Munn 
(1915) states that lime sulphur aggravated tip bum, dwarfed the plants, 
shortened the period of growth and reduced the 3 deld.^' The lime- 
sulphur-sprayed plants died 10 days to 2 weeks earlier than those in 
unsprayed rows, and the average reduction in yield per acre amounted to 
28.5 bushels. Not only does lime sulphur have this inhibiting effect upon 
the life processes of the potato, but it is much less valuable than Bordeaux 
in the control of late blight. It has been stated that Mme sulphur has a 
depressing effect when used as a spray for raspberries in the Puget Sound 
country, but this does not seem to be the case in recent Wisconsin tests. 

Etiology, — ^Lime sulphur, which is made by boiling together lime, 
sulphur and water, contains calcium polysulphides (CaS 4 and CaSs) and 
calcium thiosulphate (CaS 203 ) as its most important ingredients. Both 
are soluble in water, but the former has been shown to be the cause of 
most of the injury. The other normal ingredients are practically harm- 
less. Lime-sulphur injury appears a few days after the spray is applied, 
as opposed to Bordeaux injury, which is generally much delayed. This 
behavior, according to Wallace (1910), appears to be due to the fact that 
the polysulphides remain in the soluble form but a short time. 

Lime-sulphur injury will vary more or less under constant climatic 
conditions, being influenced by condition and susceptibility of the plants 
sprayed, the concentration of the mixture, the kind of arsenical employed 
and the time and method of application, but chmatic factors are of direct 
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bearingj especially in the case of sulphur sun vscald and the dropping of 
the fruit. 

It is generally agreed that the intensity of injury from lime sulphur 
depends on the percentage of soluble polysulphides present. Lime 
sulphur is diluted on the basis of the Baume test, but the specific gravity 
test is an inexact basis for determining the polysulphide strength of the 
spray. 

A dozen samples of lime sulphur all having the same specific gravity may show 
no two samples alike in per cent of soluble sulphides. Furthermore, a sample 
having a low specific gravity may have a greater per cent of soluble sulphides than 
a sample having a higher specific gravity (Safro, 1913). 

Specific gravity is determined by all ingredients in solution, hence 
the density is no accurate measure of the power of a given solution to 
cause injury. Wallace believed that lime-sulphur injury was due solely 
to the direct action of the soluble polysulphides, but the experiments of 
Safro (1913) and others indicate that injury may result after the spray 
is dry. It seems to be true that injury at high temperatures is due to the 
rapid oxidation of the sulphur and the production of either sulphurous or 
sulphuric acid. 

Safro (1913) attempts to account for lime-sulphur sun scald of apples 
on a physical basis rather than from chemical reactions. He states that 
the difference in the injury to sprayed and unsprayed fruit may be 
accounted for by the difference in the absorption of heat. The residue of 
lime sulphur deposited upon the fruit retards radiation and ncreases the 
absorption of heat, depending on its thickness, and hence sprayed fruit 
burns more than unsprayed because the tissues become more heated. 
This undoubtedly plays a part in the production of injury, but can 
hardly be accepted as the sole cause. Whatever the explanation, it is 
true that sun scald is more severe in sprayed than unsprayed trees, and 
when the temperatures are high (95°F. or above) this holds true with 
lime sulphur, iron sulphide or elemental sulphur. 

A very reasonable explanation has been given by Sanders (1922) for 
the dropping of apples and the injury to such crops as the potato, grape 
and other especially sensitive plants. The lime sulphur penetrates the 
stomata of the leaf surfaces and acts directly on the chlorophyll bodies, 
causing a discoloration that can be detected by microscopic examinations. 
This derangement of the chlorophyll apparatus inhibits or retards the photo- 
synthetic process and hence the young apples are starved off the trees.” 
This manner of action was further substantiated by certain tests: (1) 
Lime sulphur applied to apples alone caused no fall; (2) when sprayed on 
the upper side of the leaves there was likewise no dropping; but (3) when 
the under sides of the leaves were sprayed most of the apples dropped 
off in the same manner as in June drop.” In this connection it should 
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be noted that stomata are present only on the under surface of apple 
leaves. It is of interest to note that the foliage of the potato, grape and 
other plants which have stomata on the upper surface cannot be sprayed 
with lime sulphur without causing serious injury. This interference with 
the manufacture of carbohydrates will not only explain the dropping of 
the fruit, but it will explain the reduced size of that which does remain, 
and also the reduced yields in a crop like the potato, which depends on the 
storage of carbohydrate food. It is suggested that the difference in the 
susceptibility of varieties to lime-sulphur injury is due in a large part to 
the difference in the permeability of the leaf surfaces. 

According to Sanders (1922), 

It was found that the intensity of the injury seemed to vary with the amount 
of sunlight during May, June and July. In England, New Zealand, the Kootenay 
Valleys in British Columbia and in Nova Scotia fruit removal by lime sulphur 
seems to occur every year. In such areas as Ontario, New York State, New 
England, etc., where there is more sunlight, say an average of over 250 hours of 
sunshine per month during May, June and July, it would seem that serious fruit 
removal by lime sulphur occurs only in seasons when the amount of sunshine per 
month drops below that figure. Since chlorophyll depends on sunlight not only 
for its action in converting carbon dioxide into sugar but for its own actual forma- 
tion, it can readily be seen that in years of plenty of sunlight the chlorophyll 
would be replaced almost as fast as it was injured, and the injurious effects on 
the crops and tree rendered almost negligible, whereas in years of little sunlight 
the injury might be severe in the same areas. 

Prevention of Lime -sulphur Injury. — Since lime-sulphur injury is 
dependent in part on climatic factors and upon other features which are 
difficult to control, there is no certain method of completely ehminating 
injury. The following possibilities should serve as a guide: (1) Discard 
lime sulphur entirely for certain sensitive crops or for the more resistant 
crops under climatic conditions that are especially conducive to injury. 
The substitute must vary with the crop, the temperatures which prevail, 
the amount of sunshine and the pests to be controlled. (2) For tolerant 
crops, reduce the concentration to the lowest point which will give the 
desired protection. 1-30 of the 33° Be. concentrate is reasonably safe for 
the apple, but 1-50 is as strong as should ever be used for summer applica- 
tions on the peach. So much injury with even this strength is likely, that 
such fungicides as self-boiled lime sulphur or dry-mix lime sulphur are 
recommended as substitutes. (3) Use arsenate of lead as the arsenical, 
since arsenite of lime, arsenite of soda or Paris green are likely to cause 
serious foliage injury when mixed with lime sulphur. Danger of injury 
with the combined spray of lime sulphur and arsenate of lead is materially 
lessened by the use of a casein spreader (Thatcher and Streeter, 1924). 
(4) Spray with moderation, since overdrenching is likely to cause injury, 
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the same as in spraying with Bordeaux. It has been claimed that the use 
of the spray gun in the orchard has increased injury, presumably by 
covering the lower leaf surfaces to a greater extent than by the old method 
with mist nozzles and extension rods. 
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mjVRY PROM OTHER SPRAYS 

Brief mention may be made of injury from some of the other spray 
mixtures, especially arsenicals and coal oil or its products. Of the three 
most important arsenicals, London purple, Paris green and lead arsenate, 
e first IS the most injurious, Paris green less dangerous and lead arsenate 
the safest. The injury from an arsenical is due to the original content 
0 water-soluble arsenic, or to interactions in a mixture which liberates 
ree arsenic. _ London purple was largely discarded in favor of Paris green 
because of its large amount of soluble arsenic, while Paris green' 

wmI ° T?’ ''“y ■“‘■soly rapplaEted by lead aisenate, 

Which contains but very little free arsenic. 

Lead Arsenate Injury.-Spotting or burning of foliage may result 

from the use of lead arsenate, although this rarely causes severe injury 

Several features of interest in the investigations of Fernald and Bourne 
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(1922) may be noted: (1) Neutral lead arsente was generally the least 
injurious; (2) clear-weather spraying was safer than cloudy; (3) spraying 
at high temperatures is safe if the humidity is low; (4) spraying at high 
humidities is safe if the temperature is low. ^"From the evidence at hand 
it would seem that, with reliable arsenicals properly made, mixed and 
applied, injury results from the combination of temperature, humidity 

and light factors.^V 

Exceptional injury has resulted from lead arsenate spraying in numer- 
ous cases in which growers have used lye instead of a safe spreader. The 
foliage injury has simulated the leaf spot resulting from the black-rot 

fungus so closely that it has been mis- — — 

taken for that disease in a number of 
cases. The addition of the lye libe- 
rated free arsenic, which caused the 
injury. Under the same treatment the 
fruit showed numerous minute black- 

rus fruits has recently been investigated ^ \ 

by Gray and Ryan (1921). Oranges 
sprayed with ^^Tizit^' and Victory, 
proprietary preparations containing 

soap powder, sulphur and lead arsenate, j rd 

had their acidity reduced to ^'roughly 
50 per cent of the normal acidity on ^ li 

fully ripe oranges,'^ but in many cases, 
especially Valencias which hung on the 
trees beyond the usual harvest time, 
the reduction was even greater. It was 
their conclusion that the slow liberation 
of a soluble form of arsenic was the 
cause of the reduced acidity, and they 
demonstrated that the changed acidity resulted when acid lead arsenate 
was used, but did not appear when a basic lead arsenate was employed. 

Consideration should be given at this point to two reports by Headden 
(1908, 1910) on the arsenical poisoning of fruit trees.^^ Three forms of 
arsenic poisoning were recognized: (1) systemic arsenical poisoning^ due 
to the distribution of arsenic throughout the tree, resulting in a disturbed 
nutrition and growth and sometimes ending in death; (2) corrosive arsenical 
poisoning^ due to localized attacks, affecting the tree at the crown, below 
the surface of the soil and frequently the large roots also, causing death 
and disintegration of the bark and cambium and internal discolorations 
of the wood; (3) a bleeding^ due to the combined action of lime and 
arsenic. There are some weak points in the arguments and conclusions 


Fig, 71. — Arsenical injury to apple leaf. 
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of Headden, and Balls (1909-1910) attributes the similar condition of 
trees in Utah to alkali and seepage water, while Grossenbacher (1909 
1912), in studies carried out in New York, attributed the crown rot to 
unfavorable winter conditions or winter injury. There are positive 
cases of crown corrosion due to alkali in our western irrigated semiarid 
lands, and the collar- or crown-rot type of winter injury is not uncommon 
From the more recent work of Swingle and Morris (1917) some additional 
evidence is presented that arsenic poisoning may play a part. They 
state that: “We have established conclusively that arsenical compounds 
used as insecticides can be made to injure the crowns of trees under con- 
ditions very similar to those that result from some orchard practices.” 
It still remains an open question as to the exact part played by winter 
conditions, alkali and soluble arlenic in the injury and death of fruit 
trees. It is conceivable that all three factors may be operating under 
certain conditions, whhe in others only one or two of these injurious 
forces may be affecting the injured trees. 

Injury from Contact Insecticides.— Before the days of Black-leaf 40 
when kerosene and kerosene emulsions were the common contact insecti- 
cides, there were numerous reports of severe burning or injury, especially 
to vegetative structures, but the use of the tobacco preparations has 
largely removed this danger. The use of distillates in the sprayina 
of citrus fruits (Volck, 1903) has resulted in the spotting and yellowing of 
foliage with more or less defohation, and in the spotting and dropping of 
truit. The physical basis of the injury is supposed to be from the insula- 
tion or sealing over of parts with the consequent interference with the 
normal gaseous exchanges, whHe the chemical basis of the injury is the 
absorptmn of volatile products. juij is tne 

During recent years with the introduction of oil sprays for the protec- 
tion of trees during their dormant period, cases of very severe injury have 
been reported, when very low temperatures followed the application of 
the spray Whole blocks of trees have been killed outright, and as a 

tTeri ? d the winter when 

ere is danger of zero weather is considered unsafe. No adequate 

explanation of this injury has been offered, but it seems possible that when 
low temperatures prevail the sealing and insulation of the entire aerial 
structure by a coating of oil may so affect the internal oxy<.en-carbon 
d.ox.de raho a» to kfll toe p„toplaam, *hile at higher temjerata™ th"’ 
critical ratio would not be reached. This idea is suggested from tbp 
recent studies of brown heart of apples under refrigeration (see p. 124) 

_e use of weak oil sprays fot summer applications is also the cause of 
^ury under certain conditions. Foliage burning may result or the 
abs ission of leaves or fruit may foUow successive applications of oh 
while the extent to which assimilative processes may be affected in the 
absence of visible injury is still an open question (Burrows, 1923) 
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INJURY FROM SEED DISINFECTION 

Many parasites of crop plants are seed borne, being carried either in 
or on the seed. The smuts of cereals have become so widespread that 
treatment of seed grain to kill the parasite has become general in man^^ 
sections of the country. Hot- water treatments have been used, especially 
for the loose smuts of wheat and, barley, diseases in which the smut fungus 
is an intraseminal parasite, being present as a dormant mycelium. For 
the cereal troubles in which the organism is carried as spores on the sur- 
face of the seed, some chemical agent is generally used, and the seed is 
steeped, sprinkled or sprayed with the fungicide or coated with the poison 
in the form of a very fine dust. 

Seed Injury from Hot Water. — The modified hot-water treatment of 
wheat has been noted to cause more or less injury when the seed is sub- 
jected to the action of the hot water for a sufficient length of time to kill 
the internal mycelium of the loose-smut fungus (10 minutes at 54°C, ; allow- 
able range 52 to . The seed injury from this treatment has recently 
been studied by Tapke (1924), and the following effects were noted: (1) a 
reduction in the germination percentage ; (2) an abnormal germination as 
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indicated by small spindling seedlings; (3) a retardation in the rate of 
emergence of seedlings, and a slower growth during the seedling stage; 
(4) fewer culms per plant and possibly decreased yields. The average 
germination percentage of 33 varieties was 87.6, while the same varieties 
when treated by the standard hot-water method gave an average germina- 
tion of only 52.7 per cent. It was further shown that this injury was due 
to the physical conditions of the seed coats; as treated, hand-threshed 
seed with no breaks or cracks in the seed coats gave a germination practi- 
cally equal to untreated grain. The seed-coat damage is due largely to 
machine threshing and varies with the variety, the dryness at the time of 
threshing and the speed of the cylinder. Reduction in germination occurs 
when the seed-coat injuries are over the endosperm, but it is more pro- 
nounced when they are over the embryo. The amount of injury will vary 
during different seasons, hence the reduction in germination from the 
hot-water treatment cannot be definitely predicted, but must be deter- 
mined for each lot of seed. Any method of threshing which will reduce 
seed injury will lessen the reduction in germination following the hot-water 
treatment. 

Seed Injury from Copper Sulphate. — Although copper sulphate has 
been used as a standard seed disinfectant for many years, especially in the 
control of cereal smuts, it has long been known that its use at strengths 
effective for the control of smut results in injurious effects to the treated 
seed. The strength of the solution and the time of treatment have been 
varied, pretreatment and aftertreatment practices tried out and various 
substitute fungicides introduced, in the attempt to reduce the injury to 
the lowest possible figure. 

The injury from copper sulphate treatment has generally been 
measured in terms of the reduction in the percentage of viable seed, %vhich 
may frequently show a drop from 90 to 100 per cent germination of 
untreated wheat to 35 to 60 per cent germination when given the standard 
bluestone treatment (1 pound to 5 gallons •water for 5 to 10 minutes). It 
has been shown that the toxic action of the copper also causes a pro- 
nounced retardation of growth when the treated seed is planted in the 
field, and that many seedlings which do grow make an abnormal develop- 
ment, with curved, deformed plumule and poor root growth. The 
injured seedlings also faH an easier prey to injurious soil fungi. Those 
most severely injured are never able to emerge from the soil, while others 
less injured may recover somewhat and later become nearly normal. 

As early as 1872, Nobbe discovered that the percentage of germination 
of wheat depended largely on the extent to which the seed coats were 
broken or cracked, and this protective action of the seed coats has been 
rediscovered or confirmed by numerous workers since that time. The 
seed injury in fungicidal treatments is the result of the penetration of the 
copper sulphate through the breaks or cracks, so that it acts directly on 
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the embryo seedling. Experience has shown that oats are more suscep- 
tible to copper sulphate injury than either wheat or barley. Since the 
pioneer work of Kiihn in 1872, an aftertreatment of vitrioled grain has 
been recommended to eliminate the injury or to reduce it to asafe amount. 
Immersion in milk of lime (1 pound lime to 10 gallons water) has been 
commonly recommended l^r wheat, while some instructions have called 
for the dusting of the treated grain with air-slacked lime. This was 
recommended in a French method of treating oats. Since the introduc- 
tion of formaldehyde, the bluestone formulas for the treatment of oats 
have been largely discarded, and their use for wheat has been continued 
only in those regions in which a soil contamination is an important source 
of the parasite. (See Bunt of Wheat.) 

Formaldehyde was discovered by a German Chemist, Hoffman, in 
1867, and was first used in America by Bolley in 1893 in North Dakota 
for the treatment of the seed of cereals (Bolley, 1897). It came into use 
very rapidly, one of the principal recommendations being the negligible 
reduction in germination following its use at effective strengths. Use 
under diverse conditions soon showed that seed treated with formaldehyde 
might suffer just as severely at times as when treated with bluestone. 

Seed Injury from Formaldehyde. — While it was admitted that 
formaldehyde treatment of cereals caused some reduction in germination 
of the seed, one of the earliest demonstrations of serious injury was 
afforded by the work of McAlpine (1906), which showed the danger of 
allowing the seed to dry after treatment. Since that time essentially 
similar results have been obtained by numerous workers, and many 
illustrations from field experience in the dry-farming districts have shown 
the danger of seeding formaldehyde-treated wheat in the dust. In 
certain cases such heavy losses have been experienced that reseeding has 
been necessary. In carefully controlled germination tests it has been 
shown that planting formaldehyde-treated seed in dry soil in which 
germination was delayed for 3 days in many cases doubled the seed 
injury over that occurring when the seed was planted in moist soil which 
permitted immediate growth (Zundel, 1921). 

It' was first suggested by Darnell-Smith and Came (1914) that storage 
injury of the treated seed was due to the formation of a solid condensation 
product, or polymer, of formaldehyde, and they showed that washing the 
seed immediately after treatment prevented injury by removing this 
deposit. It remained for Muller and Molz (1914) to prove that this 
polymer, paraformaldehyde, is very injurious to wheat when mixed with 
the soil. This behavior of formaldehyde on the desiccation of the 
treated seed is now held to be responsible for many of the conflicting 
reports as to the injury resulting after the use of the standard formula. 
This phase of formaldehyde seed injury has been studied recently by 
Miss Hurd (1920), and according to her conclusions: 
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The solid paraformaldehyde, being volatile, is constantly breaking down into 
formaldehyde gas. This gas, being thus concentrated and held so close to the 
seed, penetrates it slowly, going into solution in the testa. . . . The degree 
of post-treatment injury depended primarily on atmospheric humidity during 
the storage period. In atmospheres damper than 70 per cent humidity the 
treated seed can be kept indefinitely without ill effects. In those of 70 per cent 
and less there is decided injury, which is most sevafe in the intermediate humidi- 
ties, gradually decreasing in the lower ones. 

In studies of copper sulphate injury it has been shown that unbroken 
seed coats are an almost perfect protection against reduction in germina- 
tion percentage and abnormal growth. This does not hold true to the 
same extent for formaldehyde, but it has been shown that the unbroken 
seed coats are a partial protection against injury, affording “absolute 
protection against short exposures to strong formaldehyde solutions and 
partial protection against post-treatment injury” (Hurd, 1921). Eecent 
studies by Atwood (1922) have confirmed the entry of formaldehyde into 
wheat through the seed coats, and have shown that its absorption slows 
down the normal physiological processes, some demonstrated effects being 
retardation of diastatic activity, and a weakened respiration. 

A consideration of the way in which formaldehjrde causes injury to 
wheat will show that in some regions its use will be likely to cause much 
seed injury, while in others it may be used with reasonable safety. The 
predisposing factors in the semiarid or dry farming regions are: (1) the 
large number of broken or cracked seed as a result of harvesting and 
threshing during a period of extremely dry weather; (2) the common 
prevalence of medium air humidity at the time when seed is being 
prepared for seeding; and (3) the need for and the practice, in some 
sections, of seeding in the dust rather than waiting for a rain. Formalde- 
hyde injury to wheat has therefore been most pronounced in fall-seeded 
crops in the arid regions and a minor factor in spring seedings. 

The Prevention of Injury from Bluestone or Formaldehyde. — It is 
possible to avoid seed injury entirely by substituting some of the newer 
fungicides for the old bluestone and formaldehyde methods. Copper 
carbonate dust and several organic mercury compounds not only cause no 
seed injury, but have a stimulating effect upon physiological processes 
and consequently induce a more rapid germination and a more vigorous 
growth. 

If either bluestone or formaldehyde must be used, the amount of 
injury can be greatly reduced by observing the following precautions: (1) 
Avoid too strong solutions or too long steeps, that is, follow standard 
recommendations; (2) do not attempt to dry formaldehyde-treated grain 
and hold it before seeding, but treat the grain so that it can be seeded 
while still moist; (3) remember that wet grain will start to germinate if 
temperatures are favorable and may suffer injury from heating or molding 
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previous to seeding; (4) do not plant formaldehyde-treated grain in the 
dust; (5) bluestone-treated seed may be planted in the dust with safety 
if it has been properly treated, and may be dried before seeding without 
increase of injury; (6) protect wet grain from freezing. 

In addition to the above precautions, two direct methods of reducing 
seed injury are available: (1) presoaking; and (2) ah aftertreatment. 
Presoaking wheat not only eliminates seed injury due to the use of either 
formaldehyde or bluestone, but also increases germicidal efficiency. The 
method as tested and recommended by Braun (1920) consists of soaking 
the seed in water for 10 minutes and covering for 6 hours previous to 
treating. This is also effective for barley, oats and corn and with certain 
variations should give results with any crop for which either the formalde- 
hyde or the bluestone treatment is necessary. In using the presoak 
method it is recommended that the time of soaking should be long enough 



Fig. 72. — Germination injury to wheat treated with bluestone. {Photograph hy G, L, 

Zundel.) 


for the seeds to absorb about 30 per cent of their weight of water. The 
physiological basis of the efficiency of the presoak method is the reduced 
diffusion of the poison into the seed during the period of treatment so that 
its concentration does not reach the danger point. Braun (1922) has 
also shown that formaldehyde-treated seed which has been given the 
presoak treatment may be held for several days or a week before planting 
without appreciable injury to germination. 

An afterbath in milk of lime (1 pound quicklime to 10 gallons water), 
following the steeping of wheat in bluestone, has long been recommended 
as a means of reducing the seed injury, and more recently (Zundel, 1921) 
it has been shown that this same treatment is effective when formalde- 
hyde has been used. This protective action of the lime bath in the 
case of formaldehyde-treated^ seed is not due to the lime, but the same 
results can be a/^complished by soaking in water alone, as was first shown 
by DarngJ>Smith and Came (1914) and since rediscovered by other 
workers. 
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SECTION III 

CHAPTEE XII 

VIRUS AND RELATED DISEASES 

The virus diseases of plants constitute one of the great groups of plant 
troubles which stand out rather distinctly from those due to non-parasitic 
or environmental factors, as well as from those in which a visible parasite 
is the causal agent. The virus troubles with their varied symptomology 
and effects have one feature in common, namely^ they may be trans- 
mitted from diseased to healthy plants, by an infectious principle, the 
virus or the so-called ^^Contagium vivum fluidum” the exact nature of 
which is unknown. 

General Nature of Virus and Related Diseases. — While these diseases 
show varying degrees of infectiousness, and behave much like bacterial 
or germ diseases, yet no visible organisms have ever been shown to be 
causally related to them. Certain conditions of common occurrence jn 
plants, like variegation, seem to be very closely related to the virus 
troubles and may well be considered at the beginning. In addition 
to non-infectious chlorosis, which includes variegation, the following 
groups or types of virus troubles may be considered: (1) infectious 
chlorosis; (2) the virus diseases of the peach, including yellows, little peach 
and peach rosette; (3) leaf roll of the potato; (4) curly top of sugar beets; 
(5) the rosette disease of wheat; and (6) various types of the true mosaic 
diseases characterized by mottling of the foliage. 

Chlorosis. — The paling of normally green structures with reduction 
in amount of chlorophyll until the affected parts may become yellow or 
even white gives varying degrees of chlorosis. This yellow or 
whitish discoloration may result from the operation of unfavorable 
environmental factors, or from the inroads of bacterial or fungous para- 
sites, but such derangements are temporary or disappear with the 
elimination of the inciting factors. Other forms of chlorosis may be 
inherent in the stock and be reproduced by the seed or only by cuttings 
or grafts, or they may be transmissible from diseased plants to healthy 
plants by buds, grafts or juice, or in the extreme cases by mere contact. 

Non-infectious Chlorosis. — In non-infectious chlorosis there may be a 
more or less uniform yellowing of the foliage, or the leaves may show 
areas of white or yellow mingled with regions of normal green, giving the 
type of chlorosis that is called variegation/^ Several different types of 
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variegation may be recognized: (1) marginal variegation, with narrow 
or broad zones of pale tissue marking the edge of leaves or leaflets; (2) 
sectional variegation, with the yellow and green areas distributed over the 
leaves and stems or leaves only, in the form of blotches, spots, bands, or 
stripes; and (3) marbled and pulverulent variegation. 

When genuine chlorosis or variegation appears in food plants it is 
considered to be a detrimental or diseased condition, since the photo- 
synthetic power of the plant is modified or reduced in accordance with 
the degree or intensity of the yellowing (Schertz, 1921). When, however, 
these peculiarities of the foliage appear on ornamental plants they are 
considered as adding to their decorative value, and the variegated forms 
are preserved. These abnormal or chlorotic forms appear in the trade as 
horticultural varieties of the normal species or variety from which they 
originated, under such names as aurea, variegata, alha^ argentea, aureo-, 
albo- or argenteo-?narginatis, etc. This type of chlorosis may be illus- 
trated among herbaceous forms by ribbon grass (Phalaris), zebra grass 
(Miscanthus), variegated periwinkle (Vinca) and variegated varieties of 
the common garden nasturtium; among shrubs by the golden elderberry, 
a form with golden-yellow or yellowish-green leaves, and many variegated 
forms such as the variegated elderberry (Samiucus spp.), burning bush 
(Euonymus) and althea (Hibiscus) ; and among trees by variegated holly 
(Ilex), the golden-leaved English elm, the variegated maples and the 
golden box elder. 

Variegation may appear spontaneously in almost any herbaceous 
or woody species either growing wild or under cultivation, without 
the operation of any known inciting factors. In food plants these 
variegations are either ignored or eliminated by selection, wdiile in 
ornamental plants they may be propagated. In the great majority 
of cases variegation can only be propagated by the use of buds or cuttings, 
which usually come true to type although in some cases a certain 
percentage may revert to the normal green form. The majority of varie- 
gated forms do not come true from seed, but exceptions may be noted, as 
in the variegated nasturtium, in Ptelea trifoliata aurea, etc. Color types 
in corn and some other species are inheritable and, according to Lindstrom 
(1918), are transmitted in strictly Mendelian ratio. He recognized the 
following seedling types: white or albino, virescent white and yellow; and 
golden, fine green-striped, Japonica white-striped and Japonica yellowy- 
striped as mature plant types. Variegated forms generally appear 
quite healthy, but it has been noted that they are not so hardy as their 
normal green progenitors. They are reported to succumb more readily 
to unfavorable conditions, such as drought or cold (Clinton, 1914), and 
in some cases to be more susceptible to the inroads of parasitic forms. 

Infectious Chlorosis. — ^In certain species showing either a general 
chlorosis or a variegation of the foliage, the abnormal condition may be 
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transmitted from chlorotic stock to normal green stock by budding or 
grafting or even in some cases by transplanting a piece of diseased cortex 
in the cortex of a normal plant. In this so-called infectious chlorosis, 
organic union between chlorotic and normal tissues appears to be neces- 
sary for the transmission of the chlorotic disturbances. Important 
contributions on infectious chlorosis have been made by Baur (1905, 1907, 
1908) and the following data are based on his work. There are no 
external characters which indicate whether a given form is infectious or 
will behave like ordinary variegation. For example, of three variegated 
varieties of priyet (Ligtistrum vulgare)—(1) albomarginatiSj with white leaf 
margins; (2) aureiimj a typical golden form; and (3) aureovariegatis^ 
with yellow spotted leaves — only the latter proved to be infectious, while 
the other two were of the non-inf ectious type. 

The following are some of the known cases of infectious chlorosis: 

1. Abutilon and some other species of Malvaceso or Mallows. 

2. Privet (Ligustfum vulgare aureovariegaiis). 

3. Laburnum (L. vulgar e chry sophyllu7n s,nd L, vulgare foliis aureis). 

4. Ash {Fraxmus puhescens aucuhifolia)^ a cultivated ornamental with bright- 
yellow, blotched leaves. 

5. The European mountain ash or row'an tree (Sorbus aucuparia luteovariegatis) . 

6. The hop tree {Ptelea trifoliata variegaiis). 

7. Japanese burning bush (Euonymus japonicus aureomarginatu) , 

Buds of Cytisus hirsutus transplanted to Laburnum vulgare chryso- 
phyllum became chlorotic the same as the stock. A peculiar response was 
noted when the variegated burning bush was grafted on the normal 
green variety or the normal on the variegated variety. A chlorotic 
condition was transmitted in each case, but the pattern was different, 
showing, instead of golden margins, a yellow veining of the leaves. This 
new pattern remained constant when propagated by cuttings. 

It has been shown that the virus or the infective principle is produced 
in the variegated leaves under the action of direct sunlight. If the old 
variegated leaves of an Abutilon or any other species showing infectious 
chlorosis are darkened, the new^ ieaves that appear at the growing point 
will be pure green even though exposed to the light, but darkening of the 
growing point alone does not prevent the variegation in the newly formed 
leaves. Partial darkness seemed to have the same effect upon the produc- 
tion of the virus as complete darkness. 

A peculiarity of the virus or infective principle is cited by Baur (1906). 
Abutilon thompsoniij a variegated form, and a normal green A, indicum 
were grafted on adjacent branches of A. arborcwm, a species immune to 
infectious chlorosis. The new shoots of A. indicum became chlorotic, 
indicating that the infective principle was transmitted through the tissues 
of the immune stock. In similar tests with an immune Lavatera the 
virus was not transmitted. In no cases of infectious chlorosis is the virus 
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transmitted to the embryo plant in the seed, as numerous tests have 
shown that seeds from chlorotic parents yield normal green seedlings. 

- Peach Yellows and Related Troubles. — Yellows and little peach, as 
well as peach rosette, are infectious diseases that can be transmitted 
from diseased to healthy plants by budding or grafting. No other 
artificial methods of transmission have been successful, but it is generally 
believed that these diseases are contagious, that is, that they spread 
under natural orchard conditions from diseased "to adjacent healthy 


Fig. 73. — Twigs from peaches affected by rosette, {After M. A, Blake, N, J. BuL 356.) 


trees, although positive proof of this is lacking (see special treatments of 
Yellows and Little Peach). Most of the evidence is opposed to any of 
these peach diseases being transmitted by pits. None of these troubles 
has been transmitted by insects, a method which has proved so success- 
ful in leaf roll of the potato, curly top of beet and various mosaics. 

Rosette is known chiefly in Georgia and South Carolina, and, in general, 
means of spread and control is similar to yellows, but its progress is more 
apid. The leaf buds of affected branches develop compact tufts or 
rosettes, which may contain several hundred small leaves on axes not 
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more than 2 or 3 inches long. A tree suffering from a general infection 
will always succumb during the following autumn or winter, but partial 
infections may occur. In such cases the diseased limb dies, while the 
remainder shows the trouble the next season. 

The prevailing color of the foliage is yellowish green or olivaceous. The 
older leaves at the base of the tufts are largest, and frequently grow to a length 
of several inches, but have inroll ed margins and a peculiar stiff appearance due 
to the fact that they are straighter than healthy leaves. These outer leaves 
turn yellow in early summer and drop as readily as though it were autumn, while 
the inner leaves of the rosette are still green and delicate. The compact bunch- 
ing of the leaves is very conspicuous, and makes the trees look quite unlike those 
affected by yellows. Where a tree is attacked in all parts it matures no fruits 
(Smith, 1894). 

Rosette was first proved to be infectious by buds or grafts by Smith 
(1891), and recent infection studies have been reported by McClintock 
(1923). Marianna plum is listed as immune, and the successful transfer 
of the disease is reported to two varieties of apricots, two of cultivated 
plum, one wild plum, one cherry and two varieties of apricots by means of 
infected buds. On apricots and plums mottling similar to mosaic fol- 
lowed the insertion of buds from rosetted trees, in addition to somewhat 
modified rosettes of leaves. The most likely insect vector, the peach 
aphid {Anuraphis per stem niger) failed to transmit the disease, although 
repeated trials were made. Because of the mottling on some species, 
McClintock lists the disease as an ^^infectious mosaic.^^ 

Potato Leaf Roll. — In this virus disease characterized by rolling of the 
leaves and some chlorosis, transmission is accomplished by grafts or by 
aphids under artificial conditions but spread under field conditions is 
credited entirely to the transmission of the virus by the feeding punctures 
of aphids (see special consideration of leaf roll, p. 261). Leaf roll has not 
generally been considered as transmissible through the true seed (from 
the potato balls), but Murphy (1924) has reported a single case which he 
interpreted as seed transmission. 

Curly Top of Beet. — This disease, referred to at various times as the 
‘'^California beet disease,” ^^western blight,” '^blight” or ^^curly leaf” is 
now generally known as curly top.” It is confined to the semiarid 
portions of North America from Colorado to California and from Texas 
and Arizona to Washington. Its geographic distribution parallels very 
closely the range of the leaf hopper {Eutettix tenella Baker), the insect 
which is responsible for the spread of the disease throughout the sugar- 
beet fields of the country. 

The effects of curly top vary according to the age of the plant at the 
time of infection. The feature which has suggested the common name of 
the disease is the pronounced rolling and curling of the leaves, whicl is 
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always accompanied by a thickening and distortion of the veins on the 
under surface, giving a rough, warty appearance. 

When a plant is infected the mature leaves remain normal in appearance, the 
vein swellings and curling of the leaves appearing on only the new growth. 
There is no conspicuous color change in the early stages of the disease. In later 
stages the older leaves which were mature at the time of infection turn yellow and 
die, while the younger central leaves, which are dwarfed and usually show con- 
spicuous vein swellings on the under sides, remain green. The vein swellings 


Fig. 74. — Appearance of severe curly top of young sugar jbeet, {After Eubanks Carsncr.) 


vary with different individual plants, from cases where practically every veinlet 
is irregularly swollen, to cases which show only scattered, inconspicuous, rounded 
swellings (Carsner and Stahl, 1924). 

In addition to the effects on the foliage, the root shows a marked 
tendency to the production of a large number of finej fibrous, secondary 
roots, which has suggested hairy root^' as a common name. A. charac- 
teristic internal effect is a necrosis of the 'phloem, extending throughout 
the vascular system, which in its extreme form may show as dark, 
concentric rings in a cross-section of the root in advanced stages of the 
disease. Young plants may be killed by early severe infections, while in 
less severe infections or in later attacks dwarfing is a characteristic feature, 
wi§i the production of small roots with lowered sugar content, and conse- 
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quently of poor quality. Curly top of beet shows marked simO to 
potato leaf roll, in curling and rolling of leaves, internal phloem necrosis, 
the absence of mottling and in type of transmissibility. 

The relation of the leaf {Eutettix tenella) to curly top was first 

emphasized by Ball (1907), aiid later studies by Ball and others have 
shown that the disease is of the virus type and that the leaf hoppers act 
simply as the carriers of the infective principle. Claims as to the bac- 
terial nature of the disease have not been substantiated. Curly top is 
not carried by the seed, but the appearance of the disease in the field in the 


Fig. 75. Phloem necrosis in sugar beet affected with curly top. {After Carsner and Stahl, 

Jour, Agr, Res. 

Spring may come from a number of possible sources: (1) by the migration 
of spring-brood leaf hoppers which have become viruliferous from feeding 
on wild hosts that were affected with the disease; (2) from holdover 
insects or stragglers,” which became viruliferous from feeding on dis- 
eased beets and have remained in the cultivated area over winter; or (3) 
from old diseased plants growing in the fields which furnish the inoculum 
for non-viruliferous leaf hoppers. Several wild annuals, including alfi- 
laria, common mallow, chickweed, Iambus quarter and Calandrina 
menziesiij are susceptible to curly-top virus, and can therefore furnish 
feeding grounds for leaf hoppers which will become active vectors of the 
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disease. While curly-top transmission by grafting, as in potato leaf roll, 
has been reported (doubtful according to some), leaf-hopper transmission 
is the only method by which infection is known to occur under natural 
field conditions. 

Non-virulif erous leaf hoppers which are pastured on diseased plants 
soon become virulif erous, but their infective power is greatly increased 
during the 24 hours following their infection, indicating that the infective 
principle has increased or multiplied in their bodies. Once infected they 
cannot be freed of the virus, but will remain vectors of the disease as long 
as they live. An incubation period . of 7 to 14 days is normally required 
for the appearance of the disease on beets following the feeding of active 
vectors. 

Rosette Disease of Wheat. — This disease of wheat was first reported 
from Illinois in 1919 and at that time it was thought to be identical with 
the take-all disease of Australia and Europe. The fungus {Ophidboliis 
gmminis) which causes take-all has never been found associated with the 
rosette disease, and no other fungi or bacteria have been shown to be 
causally related to it. Although positive proof is lacking, recent investi- 
gations have pointed to the conclusion that rosette is a virus trouble, 
either of the mosaic type or very similar to the mosaics of other grass 
species. 

The disease is evident in the field in the spring by its localization in 
spots of varying size and shape, involving a few plants only or covering a 
diameter of 20 feet or more. The most constant individual plant symp- 
toms of the disease consist of : 

^.(1) The arrested spring development; (2) excessive tillering, producing a 
rosette appearance; (3) the dark blue-green coloration of the fall leaves during 
the spring growing period and (4) the mosaic mottling which occurs on the leaves 
(McKinney, Webb and Dugan, 1925). 

The presence of fungous lesions at the base of the culms is not con- 
sidered peculiar to rosette and the associated organisms are believed to be 
secondary invaders. ... 's 

-Wheat rosette has not yet been transmitted by inoculations from dis- 
eased to healthy plants, and no insects have been shown to act as carriers. 
The following are the principal features which have pointed to the disease 
as belonging to the virus types: (1) the failure to demonstrate the relation 
of any visible organism with the occurrence of the disease; (2) the pres- 
ence of abnormal cell inclusions similar to those found in certain of the 
mosaic diseases; (3) the parallelism of symptoms in rosette and the known 
mosaics of corn and sugar cane; and (4) the indications that the disease 
is infectious. 

The mosaic mottling occurs on a large number of varieties of winter wheat 
and it would not be surprising to find .a few varieties which become stunted and 
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proliferate freely as is tlie case with certain varieties of sugar cane and corn when 
infected with the mosaic virus. Owing to the uimsuai conditions necessary for 
the development of rosette and the mosaic mottling, it has not been possible to 
demonstrate the virus nature of these troubles by the usual methods employed 
in the study of mosaic diseases (McKinney et al., 1925). 

The reasons for considering rosette as infectious are as follows: (1) 
It reappears on the same land following a diseased crop; (2) sterilization 
of the soil by formaldehyde or by streaming steam prevents the disease; 
and (3) there are indications that it is seed borne and may also be spread 
slowly under field conditions. It should be noted that in no other virus 
trouble does the infective principle persist in the soil. 

' Mosaic Diseases. — The name ^'mosaic disease” is a direct tra: " Nation 
of the German name “Mosaikkrankheit,” which was first given by Mayer 
in 1886 to a disease of tobacco which has since been known by that name. 
All mosaic diseases possess two distinctive characters: (1) the mottling 
of the plant, due to alternating patches or spots of light green or yellow 
and dark green, although under certain conditions the mottling may be 
masked or not evident; and (2) the highly infectious character of the 
juices of diseased plants even after filtration through mantles that exclude 
all bacteria. During recent years the increasing economic importance of 
the mosaic and other virus diseases of our crop plants has given a great 
Y^inipetus to the study of these obscure troubles, with the result that the 
! known mosaics have been increased from the single one affecting tobacco to 
numerous mosaics of other Solanacese, Cucurbitacese, Leguminoseae and 
Gramineae with scattered cases in 20 or more additional families of_both 
Dicots and Monocots. Current literature is replete with numerous'^ 
reports of mosaic diseases upon some new plants, either wild or cultivated. 
Future historians of plant pathology may characterize the present time as 
the Mosaic age,” or the period marked by increased and intensive study 
of the virus typcjs of plant disease, as contrasted with the earlier times 
when the study of fungous diseases predominated. 

."“'“General Appearance of Mosaic Plants. — Plants which contract a 
mosaic disease early in life are reported by various observers to be 
distinctly ^ pafer in general appearance than normal healthy plants, 
due to a lessened production of chlorophyll, w^hile late, or primary, 
infections may affect only the youngest parts or may not be evident 
until the next season, reduction in size is frequently a pro- 
nounced symptom, with spindliness as an occasional accompaniment. 
Dwarfing is shown in extreme form in mosaic dwarf” of the potato, 
an advanced or severe form of potato mosaic. Dwarfing is also char- ' 
acteristic of the mosaic of the raspberry, peas, kidney beans, clovers, 
except sweet clover and certain varieties of Canada field peas. S Excessive 
branching sometimes accompanies the dwarfing.lf yellowing and 

dropping of the leaves^ especially the, lowermost, occur in the mosaic of 
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l)fians, tomatoes and in some phases of potato mosaic, while localized 
nccrosia of tissue may occur in either leaves or stems, although this is 
not of common occurrence. In the Pacific Northwest, under upland 
conditions with extreme drought, premature death and browning of the 
chloi'otic areas of the leaves have been noted in potato mosaic, followed 
by early death of the entire plant. In the streaking phases of rugose 
mosaic of the potato, necrotic areas develop in leaves, petioles and stems. 


Fig. 76. — A, Marrow bean showing speckled type of mottling; B, potato mosaic; C, leaf 
of pea bean showing blistered t5a>e; D, mosaic of Windsor bean. (After B, T. Dickson, 
Macdonald College, Tech, Bui. 2.) 


while dropping of the lower leaves is a characteristic of "leaf drop” 
(Murphy) and "russet dwarf” (Hungerford) of potatoes. 

Effects of Mosaic on Leaves. — ^Leaf changes winch point to the 
presence of mosaic are: (1) mottling or the occurrence of a grouping 
of light-green or yellowish- and dark-green areas, the spots varying 
in form and size from irregular to^ angular and from small to large, 
certain patterns being characteiistio of specific mosaics; (2) curling 
andjuffling, due to unequal development of larger leaf areas; (3) savoy- 
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jng or blister-like elevations with intervening depressionsj the latter 
being occupied by the chlorotic areas when mottling is evident^ thus 
giving the leaf surface a puckered, wrinkled or rugose surface; (4) dwarfing 
and distortion, sometimes the former alone, but frequently accompanied 
by malformations, such as asymmetric development of the lamin®, 
dissection of the margin or reduction of the leaves to little more than 
midribs. The extreme types are illustrated by “filiform leaf and 
“fern leaf^^ of tomatoes, “filiform leaf of sweet potato and the long, 
sinuous or libbon-Iike leaves of tobacco plants. Extreme discolorations 
are most likely in the case of early or seedling infections and may be 
aggravated by unfavorable environmental conditions. _ 

^ Effects of Mosaic on Flowers. — Several different effects may be noted : 

(1) dwarfing of entire flower or of parts; (2) distortion or malformation of 
parts; (3) mottling of the corolla; and (4) the fall of blossoms. The 
effects may be illustrated by the dwarfed and paler blossoms induced by = 
cucumber mosaic; dwarfed corollas sometimes occurring in tobacco 
mosaic; change of a gamopetalous corolla to a pseudopolypetalous form, 
an observed effect in some cases of tobacco mosaic; mottling in the flowers 
of sweet peas, petunias and tobacco; and dropping of the blossoms in 
tomatoes, beans and potatoes. 

Effects of Mosaic on Fruitsl— The most important fruit effects are: 
(1) mottling, russeting or spotting; (2) dwarfing and distortion; and (3) 
a reduction in the quantity of seed formed and also in its vitality. Mot- 
tling has been noted in the fruits of tomatoes, peppers, cucurbits and 
beans; russeting and spotting in tomato fruits; dwarfing and distoriioTi 
in tomatoes, beans, soy beans and cucumbers; and reduction of yield 
of seed and loss of viability in corn, soy beans, peas and clover. The 
effects of mosaic on the fruits of the cucumber are very pronounced and 
characteristic. In addition to the mottling 

. . they show swellings of all sizes, some isolated and others merging into one 
another in such a way as to produce very irregular forms, the symptoms oftejx^ 
being well defined on fruits which are but an inch in length. The fruits of this . 
type have given rise to the names “wart disease” and “nubbin,” which have 
been applied to the disease by growers in some parts of the country. 

In later stages of the disease the vines occasionally produce fruits which are 
smooth, pale, whitish green in color and rather more blunt at the ends than 
normal fruits of the same age. In most cases these fruits are mottled with fine 
spots of yellowish green, and a few dark-green projections appear here and there 
on the surface. These are usually small, but occasionally fruits are found which 
have a single large, dark-green swelling near the stem end, producing a most 
unusual appearance. 

These white fruits are responsible fpr the older common name of the disease, 

“ white pickle,” which was the term applied to the trouble by the growers in 
Michigan and Wisconsin for some years (Doolittle, 1920), 
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■ Effects' of Mosaic on Stems. — The observed effects of mosaic on 
the stems may be grouped as: (1) discoloration, including general 
pallor, mottling and striping or streaking; (2) dwarfing, involving 
a reduction in diameter and in length of internodes; and (3) the formation 
of necrotic lesions or cankers. Although herbaceous stems are chloro- 
phyll-bearing, mottling in them is rather rare, but has been noted in 
tobacco, tomato and squash. Dwarfing varies all the way from prac- 
tically normal stems to others very much reduced, the extreme resulting 
generally from early severe infections. Lesions in the stems of mosaic-' 
sick corn and sugar cane have been shown to occur as secondary stages of 
'^inosai ^ while the streaking of potato stems affected with some types of 
rugose mosaic has been noted. . 

Pathological Histology of Mosaic Plants.— Supplementing earlier 
studies with tobacco, tomato and potato, Dickson (1922) has studied 
the microscopic characters in a large number of plants affected with 
* mosaic and has shown that certain features are common to all 


It is not to be understood, however, that in any leaf section from a diseased 
plant all characteristics equally well developed are to be observed. Much 
depends upon the growth rate and environment of the host plant. 


The following are the most important of the features which have been 
rioted: (1) A reduction in the leaf thickness of the chlorotic areas due to 
hypoplasia of both spongy and palisade tissue, but especially the latter. 
'The general “fathy pf thickness between the light-green and dark-green 
areas of leaves is 2 to S: ^ In the extreme cases the palisade layer may be 
reduced to a single row of nearly cubical cells, but there are all gradations 
from this condition to nearly normal. (2) A more uniform and compact 
/'arrangement of the mesophyll cells in the light-green areas, with less 
intercellular space. This, makes the light-green areas more trans- 
parent than the darker areas. (3) In the light-green areas the chloro- 
plasts may be paler than normal, but in usual numbers, while in more 
severe infections they may be reduced in number and in size with much 
diminution in color. In very acute infections the chloroplasts may 
coalesce into irregular green masses or they may become completely 
disintegratefl into small hyaline bodies. This disintegration of the cell 
contents may produce the deacf flecks or spots which are especially notice- 
able under conditions of prolonged or severe drought. (4) The cells of 
the dark-green 4reas a|e larger than normal, contain more chloroplasts 
and the chlorophyll is also darker than mrnornqg,l or healthy leaves. 

When savoying is very marked the palisade cells are in a condition of hyper- 
plasia. Either they have divided to fornr two layers of palisade ceils or they are 
narrower, longer and more numerous or may have occurred (Dixon, 1922). 
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(5) The, volume' of intercellular space in the dark-green areas .is.increased 
^and this feature, together, with, 'the greater depth of color of cMoropliyll, 
makes these areas look darker than normal (see Fig. 85). 

The Infectious Nature of 'Virus Diseases. — The mosaic disease 'of 
tobacco was the first of the virus diseases that was proved to be trans- 
missible from diseased to healthy plants. The discovery was made by 
Iwanowski (1892) that extracted juice of a tobacco plant affected with 
mosaic would infect a healthy plant if pricked into its tissues, even 
though it had been passed through a Chamberland filter. Similar results 
were later obtained by Beijerinck, and the filterable character of the 
infective principle has repeatedly been demonstrated since that time. 
The virus troubles show different degrees of infectiousness and conse- 
quently they are transmitted in different ways. Following the dernon- 
vstration of the infectious character of tobacco mosaic, the next important, 
advance was made when Allard (1914) demonstrated that it may be 
carried from diseased to healthy plants by aphids. It will be noted from 
the following compilation that insect transmission is a common feature 
in virus troubles, but that such a method of transmission has not been 
proved for all diseases of this class: 

1. Transmitted by budding or grafting only: Infectious chlorosis, 
peach yellows, little peach and peach rosette. 

2. Transmitted by grafting and by insects: Leaf roll of the potato 
and curly top of sugar beet (conflicting claims as to success of grafting 
transmission of curly top), the former carried by s^phids (Macrosiphum 
solmiifolii and Myzus persicce) and the latter by the leaf hopper {Eutettix 
ienella), 

3. Transmitted by grafting, by insects and by the juice : Most mosaics. 
Some of the most important proved cases of insect transmission of mosaic 
are: (a) tobacco mosaic by aphids (Macrosiphum tahaci and Myzus 
persim); (b) cucumber mosaic by the melon aphis (Aphis gossypii)^ and 
also by the striped cucumber beetle (Diabrotica vittata) and the 12-spotted 
cucumber beetle (Diabrotica duodecimpunctata) ; (c) potato mosaic by 
aphids (Macrosiphum solanifolii and Myzus persicce); (d) mosaic of corn 
and sugar cane by the corn aphis (Aphis maidis); (e) spinach blight by 
aphids (Macrosiphum solanifolii); (/) mosaics of lettuce, turnips, mustard 
and Chinese cabbage by the peach aphis (Myzus persic<e); (g) clover 
mosaic by aphids (Macrosiphum pisi); and (h) raspberry mosaic by aphids 
(probably Aphis rubiphila). Most of the virus diseases are not trans- 
mitted through the use of seed from diseased parents. Seed inheritance 
has, however, been proved for the mosaics of common beans, lima 
beans, soy beans, clovers, peas and lettuce. No satisfactory explana- 
tion has been offered for the general inheritance of mosaic among 
susceptible leguminous speoS, and its absence in Solanacese and most 
other families. 
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Tobacco mosaic is the most infectious of all the virus diseases, and its 
extremely infectious nature may be illustrated by the fact that it can be 
readily communicated hy touching a diseased plant and then touching a 
healthy plant. The virus or infective agent is able to retain its infective 
properties when dried. Diseased leaves when dried and ground to a 
powder will still communicate the disease after months of desiccation. 
The virus may be extracted from diseased tobacco leaves by ether, 
chloroform, carbon teti'achloride, toluene or acetone without the destruc- 
tion of its infective properties. An infinitely small amount of the virus 
when introduced into a susceptible plant will increase rapidly until it has 
spread throughout the entire structure, and consequently must have 
increased many fold. 

The Nature of the Causal Agency in Virus Diseases. — The numerous 
studies which have been carried out since the recognition of mosaics and 
related diseases have failed to give positive evidence as to the real nature 
of the causal agency. An infectious disease, without any visible causal 
organism, and transmitted by an agent or principle, so small that it will 
pass through ordinary bacteria proof filters, presents a field of investiga- 
tion that is taxing the ingenuity and imagination of scientists.* Specula- 
tion and theorizing have marked the progress of our knowledge of the 
virus diseases, but as time has passed more careful attention to corrobo- 
rating facts has been given. Of the various possible views as to the causal 
agency, many have been exploited and discarded, but the four follomng 
theories are given attention in current literature: (1) the bacterial 
theory; (2) the enzymatic theory; (3) the virus theozy; and (4) the 
protozoan theory. 

The Bacterial Theory. — The fact that the various virus diseases 
behave much like known bacterial diseases gave the earlier workers a 
prejudiced outlook, and they naturally expected to find bacteria in plants 
affected with mosaic. The bacterial theory was supported by Mayer 
(1886) in his study of tobacco mosaic, Ivanowski (1903) and Hunger 
(1905) found bodies which they believed to be bacteria and also ammba- 
like structures in diseased cells. Boncquet (1916) found bacteria, a 
small nitrate-reducing streptocoec#,* in mosaic-affected tobacco, and 
later (1917) gave the name of 7fiorulans to a form which he 

believed to be the cause of the curly top of sugar beet, Dickson (1922) 
still inclined to the bacterial theory and reported the finding of bacteria- 
like bodies as had Ivanowski. Without entering into details, it may be 
stated that none of the investigations recorded have presented tests or 
experiments which have given convincing evidence of the causal relation 
of bacteria to any viims trouble. . The careful technique of recent investi- 
gators has practically excluded bacteria as j^ossible causal agents. 

The Enz 3 TOe Theory. — The enzymatic Mature of the mosaic disease 
of tobacco was first proposed by Woods (1899 and later). He suggested 
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that the chlorotic conditioB of mosaic leaves was caused by, an abnormal 
and extensive development of oxidizing enzymes. His view was adopted 
with , some . modifications . by later workers,- and, even as late' as 1917 
Freiberg, accepted and supported the enzyme theory, although he did .not 
eonsider the active enzymes to be of the nature of oxidases. That the 
infective agency could not be an oxidase was convincingly demonstrated 
by Allard (1916), who showed that the oxidase could be destroyed by 
hydrogen peroxide without destroying the infective properties of the 
juice and that the active agency of tobacco juice may be destroyed without 
the destruction of the oxidase action. The enzyme viewpoint was 
supported in part by (1) the absorption of the active principle by talc, a 
characteristic of colloidal compounds, including enzymes ; (2) a specificity 
of reaction between the infective principle and formaldehyde; (3) the 
resistance of the agent to numerous antiseptic substances ; (4) the destruc- 
tion of the infectious properties by concentrations of alcohol that 
inactivate enzymes; and (5) the destruction of the infective properties 
by the same temperatures that inactivate enzymes. While an enzyme 
might explain the hypoplastic chlorotic areas, it is difficult to understand 
how such a compound could be responsible for the hyperplasia of the dark- 
green areas, or for hyperplastic developments in virus diseases other than 
the mosaics. The enzyme theory also involved the assumption that a 
small quantity of enzyme introduced into normal cells must have the 
power to start the production of this same enzyme and that this operation 
once started could not be stopped. At the present time most of those who 
have been making a special study of mosaic or other virus diseases are 
unwilling to accept the enzyme theory. 

The Filterable Virus Theory. — ^^The term ^Wirus^^ as now used in 
relation to plant diseases is understood to mean the filterable agent or 
principle which has the power of .inducing the disease. The use 
of the term does not carry with it any preconceived concept as to the 
nature of this principle, and different views have been held by various 
investigators. 

The idea of the virus as a non-corpuscular, water-soluble substance 
was apparently the concept of Beijerinck (1899) in the use of the term 
Coiitagiimi vivtim fiuidumJ^ The second idea of the virus was that of a 
minute, bacteria-like organism, so small as to be beyond the range of 
miscroscopic vision, a so-called “invisible microorganism.^' At first the 
ability of the agency or virus to pass through the pores of a standard 
Berkefeld or Chamberland filter was not opposed to the concept of the 
virus as a bacteria4ike organisitn, but later tests showing the extreme 
minuteness of the infective particles as shown for tobacco mosaic (Dug- 
gar and Karrer, 1921^ 1923) ^ye taxed the imagination to form some new 
concept for the causal agentTif it is really an organism. Previous to the 
ultrafiltration experiments of Duggar and Karrer the capacity of certain 



248 


MANUAL OF PLANT DISEASES 


. filters (the Livingstone atmometer cup or a layer of powdered talc %■ 
inch thick) to prevent the passage of the virus of tobacco mosaic had been 
demonstrated by Allard (1915), and Doolittle ( 1920 ) had shown that 
the cucumber mosaic virus passed through a Berkefeld filter but not 
through a Chamberland filter. The opinion of Allard as to the nature of 
the infective agent, based on his studies of tobacco mosaic ( 1916 ), was 
that: 

, A specific, particular substance not a normal constituent of healthy plants is 
the cause of the* disease. Since this pathogenic agent is highly infectious and is 
capable of increasing indefinitely within susceptible plants, there is every reason 
to believe that it is an ultramicroscopic parasite of some kind. 

By the use of a series of special filters Duggar and Karrer (1921) have 
arrived at a conclusion as to the size of the mosaic particles in tobacco 
mosaic, a comparison being made with the particles of hemoglobin, the 
approximate size of which was known. 

Assuming that at most the hemoglobin particles worked with may have 
possessed a diameter of 30 millimicrons, more or less, and that the average small 
diameter of bacterial plant pathogenes is around 1000 millimicrons (1 micron) 
(some being as low as 500 and others as large as 1500 millimicrons), we have 30: 
1000 to express roughly the diameter relations of mosaic-disease particles in 
comparison with bacterial plant pathogenes. On the basis of this average rela- 
tion it is interesting to note that the volume relation would be about as follows: 

1 : 37,000 or about 26 : 1,000,000, assuming that in each case we may treat the 
bodies as spherical structures. 

As a result of further studies concerning the properties of the mosaic 
virus, the details of which must be omitted, Duggar and Karrer (1921) 
have advanced a new concept of the nature of the mosaic particles. 
They suggest that: 

- The causal agency in mosaic disease may be, in any particular case, a some- 
time product of the host cell,* not a simple product such as an enzyme, but a 
particle of chromatin or some structure with a definite heredity, a gene perhaps, 
that has, so to speak, revolted from the shackles of coordination, and, being 
endowed with a capacity to reproduce itself, continues to produce disturbance 
and stimulation'^ in its path, but its path is only the living ceil. 

The recent results of Johnson (1925), that mosaic of tobacco may be 
produced from supposedly normal potatoes, if substantiated by further 
experiments would seem to lend support to this theory and raises the 
question as to the possibility of certain plgts bein^ “carriers” without 
previous inoculation. May it be that phftiiles of the living substance, 
when controlled and dominated by the parent living substance, are held 
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in the shackles of .coordination,- but when set free from this domination 
,and subjected'to the forces of foreign protoplasm continue, in uncontrolled 
riot? 

One of the objections to the microbic character of the mosaic virus 
has been the failure to increase this in artificial cultures. Recent cultures 
have been reported by Olitsky (1924), from which he concludes that ‘'the 
incitant of mosaic disease of tobacco and tomatoes is a living microbic 
body which can be cultivated in an artificial medium.” The evidence, 
however, does not seem entirely convincing. 

The Protozoan Theory.^ — Amceba-like bodies were described as occur- 
ring in the cells of mosaic tobacco plants by a number of the earlier 
workers, but recent workers, employing careful cytologi cal methods, have 
found plasma-like bodies in the cells of plants in the case of several types 
of virus disease. Such findings have been reported by Matz (1919) for 
the mosaic of sugar cane, by Kunkel for the mosaic of corn (1921) and 
Hippeastmm (1922), by Palm (1922), by Goldstein (1924) and Rawlins 
and Johnson (1925) in mosaiced tobacco, by McKinney et al, (1923) in 
wheat rosette and by Smith (1924) in potato mosaic. While these bodies 
are suggestive, their real nature and their significance in relation to the 
virus diseases are entirely uncertain. It is of interest to note that Palm 
was sufficiently convinced of the protozoan character of the bodies to 
propose the name Strongyloplasma iwanowskii, while Goldstein describes 
their amoeboid changes in living cells and their migration throughout the 
cell. When first presented to the public the results reported by Nelson 
(1922) concerning “the occurrence of protozoa in plants affected with 
mosaic and related diseases ” made quite a sensation. The known occur- 
rence of flagellates in the latex vessels of certain spurges (Euphorbiaceag) 
and milkweeds (Asclepiadaceae) was probably the guiding star in Nelson's 
work. He described and figured what he believed to be a new form of 
biflagellate from the phloem of bean and clover plants affected with 
mosaic, and structures which he identified as typical trypanosomes from 
the sieve tubes of tomato plants suffering from' mosaic and also from 
potato leaf-roll plants. The fame of the discoverer was short lived, for it 
was soon found that the structures described as protozoa were normal 
inclusions in healthy as well as diseased cells (Duggar and Karrer, 1923, 
and other papers published in Phytopathology, 13, No. 7, 1923) and had 
been described years before by Strasburger, Thus at the present time 
the protozoan theory of virus diseases hangs by a very slender thread. 
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PEACH YEI^WS 

This disease of the peach and some related trees is characterized by 
pronounced yellowing of the foliage, production of wiry, sickly shoots, 
premature ripening of the fruit and invariably terminates in the death 
of the affected tree. 

History and Geographic Distribution. — Peach yellows is confined entirely to 
America. It was first noted in the vicinity of Philadelphia and was the subject of a 
special paper by Judge Peters in 1806. There are authentic records of its occurrence 
in 1791 and less reliable evidence of its existence as early as 1750-1760. In 1806-1807 
the disease was apparently confined to the Philadelphia section, which included adja- 
cent territory extending into New Jersey and Delaware. From this time on the 
disease spread northward and northeastward, reaching Connecticut by 1814, and 
Massachusetts a few years later; westward and northwestw^ard, being first reported 
from western New York about 1824, from Ohio in 1849, from Indiana about the same 
time, from Michigan in 1866-1867 and from Ontario in 1878; southwestward through 
Delaware and Maryland, its progress being somewhat slower, but it finally reached 
Arkansas and northeastern Texas, The present range of yellows includes the terri- 
tory from Massachusetts south to the Carolinas, the southern boundary including 
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most of Tennessee and crossing Arkansas and Oklahoma, the northern boundary 
crossing New York, the peach districts of Ontario and Michigan and the western 
extent reaching into Missouri and Kansas. True yellows has not been reported from 
regions west of the Rocky Mountains, California yellows or little leaf being a disease of 
a different nature. 

The contagious character of yellows was recognized by Judge Peters in 1806, who 
said: ''I find that sickly trees often infect those in vigor near them by some morbid 
effluvia.’’ The first thorough study of the disease was published by Smith (1888) and 
this exhaustive preliminary report was followed by several others by the same writer 
(1889, 1801, 1893 and 1894). Yellows was also studied by workers in several of the 
states: Bailey in New York (1894), Selby in Ohio (1896, 1898), Clinton in Connecticut 
(1909), Blake in New Jersey (1910), Caesar in Ontario (1912) and Atwood in New York 
(1914). More recently special investigations have been made on the disease in New 
Jersey (Cook, 1921; Blake, Cook and Connors, 1921), while control has been empha- 
sized by McGubbin in Pennsylvania (1924). 

Peach yellows is recognized as an exceedingly serious disease in much of the 
territory recorded, being especially destructive in Pennsylvania, New Jersey and tiie 
peach belt along the shore of Lake Michigan. 

There has been a noted rise and fall in the intensity of yellows, the disease 
assuming the nature of an epidemic every 10 or 15 years, with quiescent periods inter- 
vening between the periods of excessive virulence” (McCubbin, 1924). In the 
eastern United States serious outbreaks have occurred in 1791, 1806-1807, 1817-1821 
1845-1858, 1874-1878 and in 1886-1888, 

Symptoms and Effects. — Certain symptoms may be regarded as 
unquestionably indicating the presence of yellows, while others point to 
the existence of either yellows or little peach, a disease of somewhat 
similar nature. 

1. Fruit Characters— In a bearing orchard the most reliable diagnostic 
character is the premature ripening of the fruit, which may vary from a few 
days to 3 weeks. The prematurely ripened fruits are frequently, though 
not always abnormally, large, are more watery in texture, have an insipid 
flavor and are often speckled or blotched with red. The coloration is quite 
different from that of normal mature fruit, and may be largely confined to 
the skin, or internal spots and streaks may be prominent, while the flesh 
may be much more prominently marked with red around the pit than in 
normal fruit. The amount of red coloration is variable, ranging from 
slight to spotted, mottled or almost completely crimson. Fruit pre- 
maturely ripened as a result of borers is never red spotted and the charac- 
teristic wiry shoots are lacking. It should be noted that the yellows 
causes but little abnormal coloration of the Elberta, Abnormal fruits 
may appear on a single limb or only on a part of a limb, or in many 
extreme cases all of the fruits may be prematurely ripened. 

2. Willow'^ or ''Broom'^ Shoots . — The production of slender, much- 
branched, more or less erect, wiry shoots clothed with small yellow leaves 
often spotted with red is a symptom of equal value to the abnormal fruit, 
in the recognition of yellows. The willow shoots may be distinguished 
from ordinary twigs or water sprouts by their greater slenderness, by the 
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tendency to grow upright and by the tendency^ of their branches to grow 
erect rather than spreading. The willow' shoots may be terminal or they 
may be lateral, but they are most frequent on the larger limbs. They may 
appear before bearing age, or may precede prematuring in bearing trees, 
but are generally regarded as being associated with advanced stages of 
the disease. These willow shoots frequently continue growth in the fall 
after the normal shoots have stopped. It has been noted that, in trees 



lOo. 77. — Peach yeilows. A, typical “willow^* shoot showing the upright, much 
branched habit with small yellow foliage, with normal leaf for comparison; B, terminals 
showing slender growth, narrow leaves, upright habit; C, healthy shoot for comparison. 
(After W. A. McCubbin, Pa. Dept. Agr. Bui. 382.) 


affected with yellows, both leaf and blossom buds start into growth 
earlier in the spring than do normal trees. In diseased trees a single 
branch will sometimes be in full bloom when the fruit buds on the 
remainder of the tree are unopened. The clusters of broom shoots are 
frequently quite conspicuous in trees in their winter condition, and serve 
as a means of recognizing yellows when the trees are dormant. 

3. Foliage Changes . — The foliage changes are quite characteristic and 
have suggested the common name applied to the disease. The shoot 
axes are short, the leaves generally pale green or yellow, reduced in size, 
being narrower than the normal and more or less drooping or rolled or 
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curled While these foliage changes are characteristic of yellows, they 
are not diagnostic, since very similar responses may result from the work 
of borers, drought injury, mechanical injury, malnutrition, winter injury 
or the related trouble known as ^^little peach. The sickly yellow color 
is not always evident in yellows, as diseased trees abundantly supplied 
with available nitrogen may actually show a rich-green color. 

The most constant and reliable symptoms of an early stage of yellows consists 
of a characteristic drooping of the leaves toward the branches and trunk of the 
tree, combined with a slight rolling or curling of the tips toward the petioles and 
sometimes a rolling inward of the margins as well. Such leaves lose their flexibility 
and are frequently smaller than normal leaves. They vary from a light green in 
color to a yellowish, mottled green. Such leaves often show a lighter and yellower 
green than normal leaves and a reddish margin. This appearance of the foliage 
is quite distinct from the drooping and flaccid condition of leaves upon trees 
suffering from drought. Young trees affected with this disease are usually 
somewhat checked in growth and assume a more upright and less spreading habit 
than normal trees (Blake, Cook and Connors, 1921) . 

The rolling of leaves from the margin inward may make them more or 
less tubular, and in some cases this is the only warning of yellows on 
young trees, or the first indication of the disease on older trees. 

Trees once infected with yellows never recover. Affected trees may 
die the second year after the first evident symptoms of the trouble, but 
the progress of the disease is frequently slow, the branches succumbing 
from the top downward. While it is true that affected trees 

. . . will be weakened and may die within a few years after the appearance of 
the disease, it is also true that many diseased trees may remain alive and persist 
as long as many normal trees under usual conditions of growth. 

Losses from Yellows.— The losses from yellows are due to reduced 
production as a result of the death of trees and to a shortening of the life 
of the orchard, since with the removal of many trees the maintenance of 
the healthy remnant is no longer profitable. The losses are heavy, since 
yellows does not become pronounced until trees are of bearing age, and 
then they must frequently be sacrificed before they have produced a crop. 
Before the practice of immediate removal of diseased trees was started 
the peach-growing industry was nearly swept out of existence in some 
parts of the eastern United States and in sections of the Michigan peach 
belt. The serious character of the disease may be illustrated by the 
losses in certain orchards: 

Orchard No. 1 : 1884-1887, 887 of a total of 1777, or about 50 per cent. 
Orchard No. 2: 1881-1887, 2016 of a total of 2146, or about 94 per cent. 

According to Blake et ah (1921), 

In a yellows and little-peach district a loss of 1 per cent of the trees annually 
is low even during what might be called a quiescent period between epidemics, 
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while a loss of from 2 to 3 per cent by infection per year is common. During 
so-called epidemics the percentages may increase to 25 per cent even in orchards 
where the diseased trees are removed annually, as was the case at Vineland. 

It is estimated that an annual loss of 3 per cent for New York, New 
Jersey, Pennsylvania, Delaware and Maryland would mean 450,000 trees. 

Etiology.— Peach yellows has been recognized for some time as belong- 
ing to the obscure type of the virus diseases/^ although it differs from 
many of the diseases in this class in its contagious or infectious properties. 
The work of Smith gave definite proof of the infectious character of the 
disease. He proved that it could be transmitted from diseased shoots to 
healthy trees by budding (1888, 1889) and that apparently healthy buds 
from diseased trees would also communicate the disease to the trees on 
which they were inserted. The smallest amount of bud tissue that could 
be used and form a union was sufficient to communicate the disease. 
The time of incubation following an inoculation by budding has been 
shown to vary with the virulence of the disease in the tree from which 
buds are taken and also according to the portion from which they origi- 
nate. In the most rapid progress of the disease, buds inserted in August 
showed characteristic yellow shoots immediately the following spring 
(Blake et uL, 1921). June budding did not appear to advance the 
appearance of the disease and when buds were taken from mild or early 
cases of yellows the inception and progress of the disease was somewhat 
slower, the first symptoms sometimes appearing late in the season follow- 
ing the inoculation. 

For many years it has been known that yellows will spread from 
diseased trees to adjacent healthy trees. The disease may appear on 
isolated trees scattered throughout an orchard, apparently as if brought 
from a distance by some carrier, or centers of infection from which the 
disease radiates may be evident, with all or only part of the trees within 
a circular area infected. The method of transmission under natural 
field conditions has never been determined. At the present time there 
is no positive evidence that the disease can be transmitted by the pruning 
tools, pollen from yellows trees or the feeding of sucking insects, as has 
been proved in so many of the virus diseases. Inoculations of healthy 
trees with juice from parts of diseased trees have likewise failed to 
communicate the disease. The statement has been made by some that 
yellows is spread by the use of pits from diseased trees, but seedlings 
grown from such pits have remained healthy during the few years under 
observation, according to tests made in New Jersey (Blake et ah, 1921) 
and in Pennsylvania (McCubbin, 1924). Replants set in the place of 
diseased trees have shown no more tendency to contract yellows than the 
general trees of a planting, thus indicating that the soil does not carry 
the disease. 
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Various observations point to the fact that yellows may remain latent 
for a long period following an inoculation. Even in infection by budding 
from trees '^showing slight symptoms of the disease^ it is quite likely that 
nursery trees may be produced from them which will not show advanced 
stages of 3 ’^ellows for three or four seasons after planting.’^ Masking of 
symptoms or a long period of incubation may be responsible for many 
of the iiegativ'e results which have been obtained by the various methods 
of inoculation. 

Previous to the definite recognition of yellows as a disease of the virus 
type, many different theories were advanced to explain its origin. Almost 
the entire category of possibilities has been drawn upon: (1) biological 
factors, including bacterial, fungous or insect parasites; (2) unfavorable 
climatic factors, especially winter injury; (3) unfavorable soil factors, 
especially deficiencies in essential elements; and (4) injurious cultural 
practices or improper management, such as crowding of trees, excessive 
cultivation or overbearing. None of these factors have other than a 
modifying influence on the progress of the disease, which must be viewed 
as due to some infective principle transmitted from diseased to healthy 
trees. 

Whatever this infective agent may be, it is certain that it produces 
in the nutrition of the tree a profound disturbance, which is expressed by 
the symptoms recorded. It has recently been pointed out (Cook, 1922) 
that the translocation of starch is greatly retarded in the leaves and twigs 
of trees affected with yellows, which would indicate an inteifference with 
normal enzyme activity. From the foliage symptoms it would appear 
that not only is translocation of carbohydrate food affected, but that the 
photosynthetic process must be materially lowered. 

Varietal Susceptibility. — The yellows is a specific virus trouble which 
affects primarily the peach, although it is said to occur on nectarines, 
almonds and apricots, while a very similar trouble has been reported as 
affecting plums. Yellow’'s is a common name applied to diseases affecting 
various other plants, but the use of the term is no indication of any 
supposed identity of the troubles, indicating only a similarit^^ of cej’tain 
symptoms. The same variety growing under slightly different conditions 
will show marked differences in the severity of the infection, but in a 
comparison of varieties but slight differences can be noted in their resist- 
ance to either yellows or little peach. Seedling peaches are said to be 
more sensitive to yellows than budded trees. 

Control. The first fact to be recognized in the control of yellows is 
that a tree once affected has never been known to recover, and that such 
diseased trees are a constant menace to the health of surrounding healthy 
trees. The prompt removal of trees just as soon as yellows is evident 
is the only method which will make possible the maintenance of peach 
orchards in localities in which the disease pi'evails. Loss will invariably 
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be, experienced j hence the problem of the grower is to hold this down' to ir 
minimum and thus prolong the profitable production period. The belief 
prevails that -yellows spreads as long as the tree is in leaf, but that spread 
during the dormant period is doubtful. Inspection of the orchard should 
be made when the diagnostic symptoms of the disease are evident and 
every affected tree marked for removal. These should be removed com* 
pletely without delay, or at least all the branches should be removed and 
piled up against the trunk to dry, after which the stump may be dug or 
pulled. The entire lot should be burned or the trimmings burned and 
the larger pieces sawed up for fuel. If the trunk or stump is left tempo- 
rarily, care should be taken to keep any sprouts removed, since these are 
considered as great a source of infection as the foliage of the tree in its 
original diseased state. 

Trees showing symptoms of yellows on a single branch cannot be 
saved by cutting off the affected parts, since the disease is systemic, and 
apparently healthy parts are already harboring the infective principle. 
Complete dehoiming of an affected tree is of no avail and should never be 
attempted as a means of saving an infected tree. Reported ‘Tures^^ 
for yellows are all fakes, while applications of fertilizers are without any 
effect except temporarily to stimulate growth or to make the trees greener 
for a time. Trees should, however, be given the best of care and cultural 
methods approved for the locality should be practiced, as well-nourished, 
vigorous trees suffer less from yellows than the neglected orchard. While 
it is not certain that yellows is carried by nursery stock, it is advisable in 
starting an orchard to avoid weak, sickly looking trees as they are dear at 
any price. The losses from yellows will be reduced to a minimum if the 
following conditions are met: (1) good nursery stock; (2) favorable, 'well- 
drained orchard sites; (3) good cultural practices; (4) regulated and 
eareful inspections for the presence of yellow's; and (5) the immediate 
removal of all trees showing signs of the disease. 

While the grower should be his own inspector and be constantly 
on the watch for the first evidences of yellows, it is important to note 
that there are several times during the growing season when systematic 
inspection will give the best results. These are as follows : (1 ) at blossom- 
ing, when the symptom of early blossoming may be looked for; (2) about 
July 1 for foliage and twig symptoms; (3) 10 days before the normal ripen- 
ing period for prematures, the most reliable evidence of yellows; and (4) 
in late summer, when foliage symptoms may become more pronounced or 
new willow twigs may develop. In some states regular state inspection 
(beginning July 1 and Sept. 1) of all commercial orchards is in operation 
to supplement the efforts of the owners. Such inspection was instituted 
in Pennsylvania in 1921, when 4.5 per cent of the trees were found 
affected. The next year yellows had dropped to 2.5 per cent and in 1923 
only 2.21 per cent were recorded. Practically all states have general 
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horticultnral laws which would make possible the compulsory destruction 
of trees affected with yellows and some have special legislative enact- 
ments designed to bring about general and effective eradication. In the 
practical enforcement of eradication measures it may be assumed that an 
orchard more than 300 yards distant from an infested orchard will be safe 
from anything except isolated cases. The close infested orchard is a 
decided menace to a healthy one, and the healthy orchard should be 
protected, 
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LITTLE PEACH 

This disease of the peach is characterized by delayed ripening, under- 
sized fruit, yellowish drooping leaves and invariably ends in the death of 
the affected tree. 

History and Geographic Distribution. — ^Little peach was reported as prevalent in 
Michigan by Smith (1898), but it had caused serious losses in that state prior to 1893. 
There is a belief that it existed in New York also at about the same time, although the 
evidence is not positive. Like yellows, its origin is unknown, but it has been suggested 
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that it was imported with Japanese Diumq Rv loin ti i- 
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The blotching of the skin and the discoloration of the flesh so charac- 
teristic of yellows are absent. The pits of affected fruit are smaller than 
nomial, more or less shriveled and generally fail to sprout. In certain 
varieties at least the affected fruits vary from the normal form, being 
more or less flattened and somewhat rectangular. 

A condition known as peach “buttons” should not be confused 
with little peach. Certain varieties may produce some small fruits or 
“buttons” which never grow to be much larger than a hickory nut, and 
cling to the tree throughout the season. These have been attributed to 
either cold or severe weather or to partial or complete impotency of the 
pollen. 

2. Vegetative Effects.— In young trees or in older trees that are not 
bearing, foliage changes are characteristic of the disease and offer the 
only means of recognition, while in bearing trees the same foliage symp- 
toms may be in evidence in addition to the abnormal fruiting. 

The foliage may vary from a lighter green than normal trees to a decidedly 
yellowish green, but the leaves at the base and through the center of the tree will 
have a rolled and a drooped appearance. When the tree is severely cheeked all 
the leaves will have this appearance. Trees in certain stages of yellows may also 
have a simOar appearance and unless the trees are bearing fruit it is almost 
impossible to distinguish any difference. However, the appearance of the leaves 
once carefully observed is not likely to be confused with anything e.vcept yellows 
or little peach, and this is sufficient from the practical orchard standpoint (Blake, 

Trees affected with little peach never develop the willow or broom 
shoots which are so diagnostic of yellows. Some observations, however, 
have shown that young trees of certain varieties at least sometimes show 
a more upright growth with the twigs shorter and more numerous than in 
healthy trees. 

Trees may sometimes be affected with both yeUows and little peach 
some branches showing the prematures of yellows, some normal fruits and 
others typical little-peach fruits. Mixed infections do not appear, how- 
ever, to be very common. ’ 

Trees affected with little peach never recover. The progress of the 
disease may be variable, but there is a general decline in vigor. Affected 
trees may continue to bear fruit, but it becomes smaller and poorer the 
branches die back and the tree finally succumbs. The quality of the soil 
cultuml practices or the use of fertihzers may modify the rate of decline' 
ut affected trees do not last more than 3 or 4 years. During most of this 
pnod of decline their retention in the orchard would be unprofitable 
because of partial crops of poor quality, even though they were not a 
menace to other healthy trees. In some localities little peach is reported 

to be more prevalent than yeUows, and the decline of affected trees more 

rapid. , I 
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Etiology, — ^Little peach has been studied much, less than yellows and 
but little.real progress' concerning its cause has been made. It is conta- 
gious, the same as yellows, and' can be transmitted from diseased to healthy 
trees by budding. There is no evidence that little peach and yellows are 
anything but distinct and independent diseases. Most of the facts con- 
cerning the etiology of yellows would apply equally well to little peach. 
There is a deep-seated interference with the nutrition of the diseased tree 
which is visibly expressed by the recorded symptoms, and there is the 
same interference with the translocation of carbohydrates as in yellows. 
It is difficult to explain how this accumulation of starch should accompany 
such diverse symptoms as are shown by the fruits in the tw^o diseases— 
enlarged fruits and early maturity in yellows and undersized fruit and 
delayed ripening in little peach. 

Control.' — The recommendations made for the control of yellows apply 
equally well to the control of little peach. Since diseased trees cannot be 
cured by any known treatment and are a constant menace to the health 
of surrounding trees, immediate removal is the only method of control. 
Inspection of peach orchards for yellows and little peach should go hand 
in hand wdth the understanding that the prompt use of the ax is equally 
important in the two diseases. 
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POTATO LEAF ROLL 

This is one of the several degeneration or virus diseases of the potato 
in which a pronounced rolling of the leaves is a characteristic symptom. 
Affected plants are not killed but marked reductions in yield result. The 
disease is known in Germany as the ‘^Blattrollkrankheit,^^ in France as 
“la maladie de Fenroulement” and in America and other English-speaking 
countries as leaf roll, although “curl” and “leaf curl” have been used to 
a limited extent. 

History and Geographic Distribution. — seems probable that leaf roll and other 
virus diseases of the potato were prevalent many years ago^. The opinion has been' 
expressed that the notable failures of potatoes in middle and west Europe from 1770- 
1780 were due to leaf roll and diseases of the mosaic group. Leaf roll as a specific 

^ A more complete account of early work on virus disease will be found in the 
following paper: Atanasofp, D. A study into the literature on stipple-streak and 
related diseases of the potato., Meded, van Landbouwhoogeschool 26 (1): 1-52, 
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disease of the potato, however, was first recognised in Germany and Denmark in 
1905. Previous to this time the disease had been included with potato troubles known 
under the general name of ^^Krauselkrankheiten."’ In 1907 a more general outbreak 
occurred in Germany and from that time on scientific workers have given much 
attention to this and related diseases. In 1911 there was an outbreak of leaf roll in 
northern Colorado and in western Nebraska and the first clear-cut presentation of the 
leaf roll as a potato disease in America was published by Orton (1914). This was 
made possible through a study of potato diseases in Europe in 1911 and extensive 
travels later through the important potato sections of America. Even as early as 
1914, Orton wrote: 

“The literature on leaf roil has become so voluminous that few will undertake to 
peruse all the contributions, which are, indeed, of very uneven merit, and anyone who 
attempts it is likely to emerge with his concepts of the disease more confused and hazy 
than at the start.’^ This bewildering condition was due to the imperfect recognition 
of the symptoms of the disease and to the fact that there were so many and varied 
opinions as to its true cause. 

There are a number of important steps in the history of the disease: (1) the 
recognition of leaf roll as a specific disease (1905) ; (2) the establishment of its heritable 
character; (3) the histological studies showing phloem necrosis as a constant internal 
character (Quanjer, 1913; Artschwager, 1918); (4) the demonstration of its communi- 
cability by grafting (Quanjer et al, 1916; Schultz and Folsom, 1919); (5) the proof of 
transmission by aphids (Botjes, 1920; Schultz and Folsom, 1921); (6) the observation 
of net necrosis and spindling sprout as a frequent accompaniment (Schultz and Folsom, 
1921) ; and (7) the proof that insect transmission may not be evident until the second 
season and that the disease transmitted to other plants by grafting (tomato, tobacco, 
etc.) may remain latent — in other words, that these may be infection carriers without 
themselves showing the disease (Quanjer, 1923). During recent years workers in 
Great Britain, continental Europe and America have made numerous contributions 
to our knowledge of leaf roll, and it has also been studied by Japanese investigators 
(Kasai, 1921). 

Exact data as to the detailed geographic distribution of leaf roll are not available, 
but from the numerous reports it seems probable that its occurrence is coexistent with 
the cultivation of potatoes, but that it reaches its greatest severity only in regions 
in which its insect carriers are especially abundant. These carriers appear to decrease 
in the northern latitudes or higher altitudes, vrhich would explain the greater freedom 
of cooler sections from leaf roll. This is offered as the explanation for more infrequent 
occurrence of the disease in much of north Scotland than in the south of England and 
similar relations may be pointed out for the American occurrence of leaf roll. Since 
no visible organism is connected with the disease, and since other non-parasitic condi- 
tions and several parasitic invasions may be responsible for somewhat similar symp- 
toms, the presence of leaf roll has been frequently overlooked, unless special studies 
have been made by workers who have become thoroughly familiar with the disease. 

Symptoms and Effects. — The most common symptom is the charac- 
teristic rolling of the leaves j which has suggested the common name of the 
disease. The leaflets curl upward from the margin towards the midrib, 
and in the extreme cases becomes nearly tubular. The texture of the 
rolled leaves is different from normal leaves. 

The rigid character of the affected leaf or leaflet is a very important diagnostic 
character. The “feeF^ is hard and crisp. The terms “brittle/’ “turgescent,” 
“rigid,” “leathery” have been used to describe this condition. Leaves showing 
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symptoms of leaf roll do not wilt and become limp during drought as normal leaves 
do (Wortley, 1918). 

The petioles of affected leaves are frequently raised to form a more 
acute angle with the stalk than in normal plants, especially in the case of 
primary leaf roll. When infected tubers are planted, the lower leaves 
invariably show the first rolling of the leaflets, and the trouble advances 
until the entire plant may show the symptom. Where the disease is 
contracted by a plant during the growing season, the rolling of the leaflets 
may be confined to the upper parts of the plant, and when this symptom 
is only slightly expressed the definite diagnosis of leaf roll is very difficult. 



Fig. 79. — Potato plant showing a well-developed case of leaf roll. (JPhotograph hy B. P. 

Dana.) 

and sometimes cannot be determined with certainty until the progeny 
has been grown the next season. 

At this point it will be well to note that a rolling of the leaflets may be 
caused by other agencies than the true leaf-roll disease, such as: (1) 
water-logged soil; (2) drought or extreme heat; (3) excessive quantities of 
fertilizer, especially potash; (4) the bacterial disease, blackleg; (5) fungous 
diseases like Fusarium or Verticillium wilts and Rhizoctonia; and (6) 
curly dwarf, another response to a virus infection. In this latter case 
there is a shortening of the stem and branches and the downward curling 
is accompanied by more or less crinkling. Careful attention to the 
detailed symptoms in the various cases must frequently be given to make 
a certain diagnosis. Too much weight should not be attached to the 
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presence, of a parasite like Rhizoctonia, for example, since this fungus is 
frequently in evidence on plants affected with the leaf roll. 

The color oj the foliage deviates more or less from that of normal 
plants, but varies with the variety, the environmental conditions and the 
severity of the infection. Early stages of leaf roll may show but a shVht 


-X.,. ou. omgie potato leat showing the characteristic rolling of the leaflets from an 
affected plant. iPhofograph by B. F, Daiia.) 

pallor of the foliage, while as the season advances, especially under con- 
ditions of extreme drought, the color may be a pronounced yellowish. 
In many cases the affected leaves, will show reddish or purplish colors, 
which are conspicuous in certain varieties or in leaf-roll infections of 
long standing. 
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The type of growth of the plant is modified, but the change is not a 
constant character. In some cases the affected plant is more slender, 
with an abnormally erect V-shaped form, while in others a low-spreading, 
truncate or compressed form may be assumed. In leaf roll from infected 
tubers the length of life of the diseased plants appears to be shortened, 
and they are generally smaller than normal. 

The endurance of the seed piece has frequently been mentioned as a 
character of leaf roll, but this does not seem to be a character of diagnostic 
value, since it has been pointed out that under certain conditions the seed 
pieces of normal plants may persist, while under conditions very favorable 
for decay leaf-roll seed pieces may disintegrate. Sound seed pieces are 
also found in some of the other virus diseases. 

The reduction in the size of the tubers is an invariable feature in the 
disease and very frequently the stolons are short, so that the tubers are 
borne in clusters close to the stem or directly upon it. There may be a 
few moderate-sized tubers or the tubers may be fairly numerous and 
small. 

The necrosis of the phloem has been especially emphasized as a symp- 
tom of leaf roll by Quanjer (1913, 1920), who suggests that the disease 
^^may better be termed phloem necrosis or, according to Pethy bridge, 
leptonecrosis.^^ The findings of Quanjer were corroborated by Art- 
schwager (1918), and in later studies (1923) he states that: 

Stem sections of a typical leaf-roll plant exhibit, as a diagnostic internal 
symptom, a necrosis and lignification of the phloem groups. In the case of 
severe external symptoms, the diseased groups pervade the entire plant, with the 
occasional exception of the underground organs. The distal stem region is 
commonly affected, and in nearly every instance the necrotic changes are of an 
extreme type. The basal stem region always shows necrotic changes when 
external symptoms become evident while the plant is still young. " As a rule, 
necrosis of the phloem in the low^er stem means generally necrosis of the plant 
throughout its extent, but the symptoms may decrease toward the distal end or 
disappear altogether. At any given height of the stem the node is typically 
more severely affected than is the internode. This condition is especially 
observed in the initial stages of the disease, but during subsequent development 
either region may be equally affected . . . While obliteration of the phloem 
is always observed in connection with leaf roll, it is also an accompanying 
phenomenon in other diseases. It is not so much its mere presence as its uni- 
versality in distribution, coupled with the absence of necrosis in other tissues, 
which gives it a real diagnostic value. 

Net necrosis of tubers and spindling sprout have recently been recorded 
as symptoms accompanying leaf roll (Schultz and Folsom, .1921). 

Net necrosis is apparently a leaf-roll symptom, being a discoloration which 
results from tuber phloem necrosis and which appears more often as conditions 
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Fig. 81. — Spindling sprout, a symptom whicli frequently accompanies leaf roll. {Photo^ 
graph by B, F, Dana.) 


of variety^ recency of infection and weight of tuber are more favorable. It 
develops in the dormant tubers without relation to differences in the storage 
temperature. When it occurs as a symptom of leaf roil, the effects of the latter 
are still more detrimental, one being a decided spindliness of the sprouts. 


may be caused by entirely different factors (unfavorable temperatures, 
etc.). 

The acmmulation of starch in the leaves of leaf-roll plants can be 
demonstrated by the standard iodine test. In a normal plant transloca- 
tion of carbohydrates proceeds during the night period and in the inornlng 
the leaves are devoid of starch, while in leaf-roll plants the starch is not 


Neither net necrosis nor spindling sprout can be accepted as diag- 
nostic characters for leaf roll, since they are not always in evidence and 




Fig, 82.“-“Cross and longitudinal sections of potato tubers showing net type of phloem 

necrosis. 


upright habit. Transport of starch only prohibited in margins. No phloem 
necrosis in midribs, petioles and stems. 


It has been suggested that this is identical with spindle tuber, which 
shows marginal rolling of the upper leaflets in some localities. 

Losses from Leaf Roil. — ^Leaf roll is but one of the virus diseases 
that may be responsible for the ‘ 'running out of potato seed stock. 
When fields become infected with the disease it is only a question of 
time when production will sink to a very low point. It has been a com- 
mon thing to say that leaf-roll stock will reduce the yield 60 per cent or 
more. Under favorable conditions for the spread of leaf roll, stock only 
slightly infected may become worthless in 2 to 4 years. The following 
tabulation of reported yield reductions is taken from the report of 
Gardner and Kendrick (1924): 
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carried to tubers, or only slowly, and the leaves are still full of starch. In 
recently infected plants there is a little phloem necrosis in the upper part 
of the stalk and the upper leaves. In such cases the translocation of the 
starch is inhibited in the upper structures, while in the basal portions 
normal conditions prevail. 

Recently Quanjer (1923) has recognized a second form of leaf roll which 
he has designated "marginal leaf roU/^ In this disease 

The margins only of the leaflets are shortly curled upwards, often more in 
the upper part than in the lower portion of the plant. Leaflets do not take the 
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Authority 

Place 

Per cent of 
yield reduc- 
tion 


Canada 

66™82 


Maine 

42 

j^niitnurirford , 

Idaho 

80 

not,t,nri 

Great Britain 

36-75 

Whiffthoud • 

Ireland 

45-79 

IVfni’nhv 

Ireland 

59-79 

Grum 

Denmark 

20-89 

rTnrrlnur and Kisndrick . . 

Indiana 

22-68 



The reduction in total yield is very high, while- still further losses 
are inflicted because the stock is not all marketable. These figures are 
sufficient to emphasize the extremely heavy losses which may result from 
leaf roll alone. When other virus diseases or fungous troubles are present 
the losses may be even greater. 

Etiology. — ^Leaf roll is an infectious or communicable trouble of the 
virus type and is hereditary or perpetuating. When Orton suihmarized 
our knowledge of the disease it had been generally agreed that tubers 
from diseased plants produce diseased progeny, a character distinguishing 
true leaf roll from temporary or false leaf roll due to various environmental 
factors, but there was no evidence that it was communicable (1914). 
The negative results obtained in the first attempts at artificial trans- 
mission were due mainly to a failure to understand the necessary length 
of incubation period following an inoculation before the symptoms of the 
disease would become evident. Leaf roll can be communicated by 
grafting, and two different methods have been successfully employed: 
(1) stalk grafting ; and (2) tuber grafting. In tests made in the summer'of 
1919 (Schultz and Folsom, 1921) stalks from diseased plants were grafted 
on healthy stalks, using both Green Mountain and Irish Cobbler, and 
by the end of the growing season shoots from the stock Just below the 
graft were showing typical leaf roll. Tuber grafts were made by bringing 
into contact the freshly cut surfaces of halves of healthy and leaf-roll 
tubers and holding them tightly so that organic union could take place. 
At the end of the growing season leaf roll had been transmitted to shoots 
from the healthy halves in all cases in which there was an organic union 
of the pieces. 

An important forward step in our knowledge of the etiology of 
leaf roll was made by Botjes in Holland (1920), when he demonstrated 
that the disease can be transmitted from diseased to healthy plants 
by the feeding punctures of aphids. This method of transmission 
was later confirmed by Schultz and Folsom (1921), Using the same 
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method that had proved successful in the transmission of mosaic^ they 
took aphids from leaf “roll plants and kept them on healthy plants under 
insectproof cages. The controls remained healthy but the plants on 
which the aphids were pastured developed the first symptoms of leaf roll 
after 24 to 29 days, while typical symptoms of severe leaf roll followed 
with the progress of the infections. Field observations have served to 
confirm the importance of aphid transmission as a natural method of 
dissemination. Numerous observations have shown that the field spread 
of leaf roll is much more rapid in some localities than in others (Gardner 
and Kendrick, 1924) and while the reason for this was not understood for 
some time, at the present 

. . . most of the workers seem to agree that this difference in the rate of spread 
in different localities is due to a difference in the prevalence of the insect carriers 
of the disease. . For example, they point out that such factors as a cool, moist 
climate or strong sea winds or severe winters may be relatively unfavorable to 
aphids and consequently to the spread of the disease. 

Regardless of the cause of their varying prevalence, the abundance 
of the insect carriers in a given environment must be responsible for 
the more rapid spread of leaf roll in some localities than in others. While 
aphids are probably the most important carriers, recent observations 
point to some other insects as playing a part (jassids, capsid bugs, leaf 
hoppers and flea beetles) . 

Quanjer (1920) believed that he had obtained some evidence that there 
is a soil contamination in the leaf roll and that infection of a crop may 
result from the infective principle that persists in the soil. Later tests by 
others have led to the belief that these apparently positive results were 
due to ungathered diseased tubers which lived over winter and produced 
infected plants from which aphids carried the disease to the healthy 
stock. Leaf roll is transmitted with more difficulty than any of the other 
virus diseases of the potato. It is generally agreed that leaf roll cannot 
be communicated by mere contact of either roots or tops, yet Whitehead 
(1923) has presented some evidence of communication from healthy to 
normal plants through the soil. All attempts to transmit it by leaf 
mutilation or by juice inoculation, methods which have proved so success- 
ful in mosaic transmission, have given only negative results. 

Previous to the definite recognition of leaf roll as due to the trans- 
mission of a virus or infective principle, many different theories were 
advanced to explain the disease. Some of these were as follows: (1) 
either excesses or deficiencies of mineral elements in natural soils or from 
the use of fertilizers; (2) the use of either unripe or of matured tubers for 
seed, or tubers from prematurely ripened plants; (3) poor cultural 
methods; (4) varietal degeneration due to continued vegetative propaga- 
tion with failure to practice seed selection; (5) the invasion of a parasitic 
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fungus, probably a Fusarium. The presence of fungi on the roots or 
stems of leaf-roll plants has been more or less confusing, since these 
were frequently reputed parasites, but numerous cases of fungus-free 
plants affected with leaf roll pointed to the fungi as either secondaiy 
invaders or as pathogenes working simultaneously with the causal asent 
of leaf roll. 


One of the important features in leaf roll which has been brought 
out by the later investigators is the fact that transmission by aphids 
does not generally become evident during the current growing season, 
but that the infective principle is carried down into the tubers, so that 
the disease will appear the next season if these tubers are planted. If the 
lesults reported by Quanjer, that the disease may be transmitted from 
leaf-roll plants to tomato and other solanaceous species and back to the 
potato by grafting, without the symptoms of the disease appearing in 
these solanaceous forms, should prove true in the case of natural insect 
transmission, control of leaf roll would be even more complicated. 

In primary infections not all of the tubers produced by a plant carry 
the disease. It has even been shown that some of the tubers from the 
same stalk may be healthy while others are infected, and more rarely 
that sprouts from certain eyes of a tuber may produce leaf-roll plants 
while other sprouts from the same tuber remain healthy. It seems 
probable that this variable behavior is due, in part at least, to the length 
of time that has elapsed between inoculation and the death of the plants 
or the harvesting of the tubers, since it has been shown that the virus 
passes down through the plant rather slowly. 

The distance which leaf roll will spread in the field is rather limited. 
The greatest spread wiU be to plants immediately adjacent to infected 
ones, but it has been reported to spread across at least three to four rows. 
Some field observations have indicated spread for greater distances, up 
to 75 to 150 feet, but at such distance the infection is low. From aU the 
observations the conclusion may be reached that the danger of spread 
from one field to another is very slight, if they are well separated. 

Variety Resistance. Differences in varietal susceptibility have been 
reported by various workers, but as yet no immune varieties have been 
found. Some of the cases of apparent resistance are probably due to 
early matunty, which removes many of the opportunities for infection 
since aphids have not reached maximum development at the time the 
crop IS ready for harvest. ' This is the apparent explanation for the 
^eater freedom of Early Ohio and Irish Cobbler as contrasted with 
the late Rural varieties. A number of investigators have reported Early 
Ohios, Cobblers and Rurals as very susceptible, but some field tests have 
shown a greater seasonal spread to Rural New Yorker when aU varieties 
o^oot^r exposed to infection (Gardner and Kendrick, 1924) . Cotton 
(1922) lists many commercial English varieties as susceptible, but states 
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that Great .Scot is very, seldom infected. The indications of real resist- 
ance by any of our varieties is so meager that the possibility of. obtaining 
high resistance or immunity by selection or breeding offers but little 
encouragement., ' 

Control.— The problem of leaf-roll control is inseparably connected 
with the control of mosaic and various other virus diseases, since leaf 
roll is rarely the only virus disease present in any environment. The pro- 
cedure to follow will be somewhat different for growers of table stock and 
producers of seed. In a region in which leaf roll is known to spread 
readily it is not advisable for a grower to attempt to produce his own seed. 
The use of an isolated seed plot, planted with selected seed of good size, 
free from internal necrosis, may hold up the stock for a time, if the plot 
is carefully rogued, sprayed at intervals for the control of aphids and 
harvested early, but in the majority of cases the grower of table stock will 
find it more profitable to rely on the use of seed from sections in which 
leaf roll is less prevalent, and the greatest safety should attend the use of 
certified seed from such regions. The value of seed stock from the 
potato-seed sections of Michigan, Wisconsin and Minnesota does not 
depend so much on seed certification as upon the less prevalence of leaf 
roll and other virus diseases. 

Some of the features which should be especially emphasized in obtain- 
ing and maintaining seed stock are as follows: (1) Field selection of high- 
yielding hills will not eliminate leaf roll if the disease is present in the plot, 
since primary infections which are not discernible may have taken place; 
(2) selected seed for starting a seed plot may be tuber indexed by growing 
one eye from each tuber in the greenhouse (also in the field, 6 to 8 weeks 
being required) and the presence or absence of leaf roll determined; (8) 
isolation of the seed plot is necessary to prevent the introduction of leaf 
roll by insect carriers; (4) the destruction of volunteer potatoes is of 
importance, since these may be already infected and furnish the virus to 
be carried to the seed stock by aphids; (5) rogueing for leaf roll is more 
effective than for mosaic, since its spread is slower and masking of 
symptoms less frequent; (6) primary or current season infections do not 
reduce the yield, but render the crop of little value for seed purposes; 
(7) the spread of leaf roll is directly proportional to the abundance of 
aphids, and their control should receive attention by seed growers. 
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POTATO MOSAIC 

Mosaic is the general name applied to a group of the virus diseases of 
the potato characterized by more or less mottling of the foliage, especially 
when potatoes are grown under suitable conditions of moisture and 
temperature, while various other accompanying symptoms may be 
present in the several types. The forms of mosaic are among the most 
important of the degeneration diseases of the potato which are responsible 
for the running out^^ of varieties. 

Potato Degeneration Diseases in General.— In addition to the mosaics 
the following specific degeneration diseases of the potato have been 
recognized: 

1. Leaf roll, characterized by rolling of the leaves and dwarfing, 
uprightness, rigidity and chlorosis (see special treatment of this disease) . 

2. Streak, a type distinct from the streaking of rugose mosaic marked 

by 

. . . streaking and spotting, burning, brittleness, leaf dropping and premature 
death, with no mottling except for chlorotic spots a few hours previously in the 
places where streaking or spotting occur, and no wrinkling [as current season 
characters, and] extreme dwarfing, wrinkling, curling, rugosity, brittleness, leaf 
dropping, and premature death [as symptoms following tuber perpetuation] 
(Schultz and Folsom, 1923). 

3. Unviottled curly dwarf, sl type which appears to be distinct from 
the mottled curly dwarf or mosaic dwarf, and showing 

. . . pronounced dwarfing, spindliness, dark-green color of the foliage early 
in the season, wrinkling, rugosity, slight ruffling, purling, some rolling, upright- 
ness, brittleness, burning, somewhat premature death and spindling, gnarled 
and cracked tubers (Schultz and Folsom, 1923). 

4. Spindle tuber, a disease 

. . characterized always by spindliness and uprightness, and often by a 
darker-green color and slight rugosity. The tubers are abnormally spindling, 
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spindle-shaped, cylindrical and supplied with conspicuous eyes, these symptonis 
'Starving somewhat with the variety (Schultz and Folsom, 1923). 

Aifected plants show no mottling, which makes possible a ready separa- 
tion from mosaic. This disease is a most important cause of running 
out of potato stock in which poor tuber shape is a common character 
(Folsom, 1923 ; Werner, 1925). Giant hill has recently been described 
as a phase of spindle tuber (Gilbert, 1925). 

5. Witches’ hroom, a disease recently described by Hungerford and 
Dana (1924), marked by a bushy clustering of numerous slender sprouts, 
which chai'acter has suggested the common name. ^'One of the most 
constant symptoms of this disease in all stages is the tendency for all 
buds, including those usually latent on a normal plant, to push into 
growth.^^ A more upright position than normal of stems, leaves and 
flowers clusters gives a characteristic picture. Very marked reduction 
in size of the tubers is also characteristic, together with elongation of 
stolons and increase in number of tubers. As many as 200 tubers varying 
in size from peas to walnuts may be produced in a single hill. 

History and Geographic Distribution of Potato Mosaic. — Although the mosaic 
of the potato has been recognized as a specific disease only during recent years, it is 
not to be understood that it is a new disease that made a sudden appearance. It has 
undoubtedly been active in potato fields ever since the so-called running out’^ of 
varieties has been recognized. It seems probable that Johnson (1847) observed some 
form of mosaic, since the trouble which he described showed characters suggesting 
that disease, especially the following: 

^^The upper surface of the leaves is not as smooth as is usual in the case with potato 
leaves but rough, wrinkled or curled. The leaves are far more sessile than usual, and 
are not of a uniform brownish or dark-green color, but spotted. Mosaics undoubt- 
edly formed a part of the symptomatic complex included in the ‘^Krauselkrankheiten ” 
or curl” of the Germans. 

Potato mosaic was first found by Orton 1911 in a field in Giessen, Germany, 
where it was not uncommon especially on some varieties'' (1914). It was present in 
Maine, the following year, especially on the Green Mountain, and from the fact that 
the disease afieeted up to 100 per cent of the hills in some of these fields it would seem 
that it must have been present for some time previous. Wortley (1915) reported 
mosaic as seriously affecting the Bliss Triumph in Bermuda and on Long Island. 
Two years later Murphy (1917) recognized it as causing a large and steady drain on the 
profits of potato raising in the Maritime Provinces of Canada in which the Green 
Mountain variety is largely grown, and reported its occurrence in western Canada 
also. It was observed by the writer in Washington in 1915, but its importance was 
not recognized at that time because of the masking of symptoms. By 1917 and 1918 
it was reported from Maine to Oregon and from Michigan to Florida and Alabama. 
Quanjer writing in 1921 stated he had learned to distinguish mosaic from leaf roll 14 
years before when he began the study of the degeneration diseases. Important 
contributions to the knowledge of mosaic have been made by numerous investigators 
in recent years including Westerdijk (1916) and Quanjer (1919 and later) in Holland, 
Murphy in Canada (1917, 1921) and Ireland (1922, 1924), Cotton in England (1922), 
Schultz et at (1919), Schultz and Folsom (1920 and later), Johnson (1922), Goss 
(1924), Goss and Peltier (1924) and various other workers in the State and Federal 
Departments in the United States and Canada. 
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Some of the more important steps in the progress of our knowledge of mosaic are: 
(1) the recognition of mosaic as a specific disease (Orton, 1911); (2) the proof of the 
hereditary or perpetuating character by transmission through the tubers (Wort ley, 
1915); (3) the transmission by grafting (Schultz, 1917) ; (4) transniission from diseased 
plant to healthy plant by the juice; (5) transmission by aphids (Schultz, 1919; Quanjer, 
1920); (6) the recognition of several types of mosaic (Schultz and Folsom, 1920-1923; 
Quanjer, 1922) ; (7) the proof that current season infections, especially late ones, may 
I)roduce no visible evidence until the tubers are planted the following spring; and (8) 
the proof of the masking of symptoms under conditions of high temperature and low 
humidity (Johnson, 1922; Goss, 1924; Goss and Peltier, 1925). 

Symptoms and Effects.— Definite description of the symptoms of 
mosaic is difficult, since the name mosaic as applied to the potato repre- 
sents a group of closely related troubles rather than a single specific 
disease. Quanjer (1921-1923) recognizes six different kinds, while Schultz 
and Folsom (1923) have described three distinct types, but all have the 
features of mottling and more or less wrinkling in common. 

Mottling is a localized chlorosis consisting of spotting of the leaf blades by 
light-green areas, which may or may not occur in contact with the larger veins, 
and which vary in shape and degree of paleness. These discolored spots are 
punctate, elongate, circular, angular or irregular. They vary from a barely 
discernible fading of the green to an almost pure yellow, often in the same spot. 
They seldom exceed a few millimeters in any dimension and their distinctness of 
outline differs, usually in proportion to the degree of discoloration. They are 
more readily seen in diffused light than in direct sunlight (Schultz and Folsom, 
1923). 

In addition to mottling, various other terms are used in the description 
of mosaic symptoms. Either wrinkling ov rugosity is an abnormal uneven- 
ness of the leaf surface due to depressions and prominences, in the former 
of irregular height and depth, in the latter of uniform height, but with 
the depressions only at the veins. This is the symptom that has sug- 
gested the common name of ^^Gansehaut,^( which is applied to the disease 
in parts of Germany. Especially in the extreme types, diseased leaves 
may be compared to the normal foliage of Scotch kale and Savoy cab- 
bage. Leaves showing such characters are sometimes said to be savoyed. 
Either wrinkling or rugosity may have a tendency to obscure the mottling, 
especially if this is faint. A microscopic examination of the mottled 
leaves will show a deviation from the normal in structure. The chlorotic 
areas are thinner than the surrounding green tissue, the palisade paren- 
chyma consisting of very short or almost cubical cells as contrasted with 
the much elongated palisade cells of the normal leaf (see Fig. 85). 

Ruffling is an abnormal unevenness of the leaf-blade surface, caused by ridges 
that develop or become more pronounced with passage from the midrib to the 
lateral margins-, resulting in waviness of the margin. Curling is an abnormal 
bending of the leaf blade downward along the main vein. 



276 MANUAL OF PLANT DISEASES 

Variations in the response of different potato varieties, and the occur- 
rence of combinations of some other virus disease with a mosaic or of 
combination of two or more mosaics, render the accurate characterigjation 
of the various types doubly difficult. 


The three types of mosaic described by Schultz and Folsom (1923) will 
be presented first, and the forms described by other writers will be 
connected with these so far as possible. It must be emphasized that 
final judgment in. some cases must await further investigations. 

Mild The characteristic symptoms consist of slight dwarfing, dis- 

tinct mottling and some ruffling. It is more easily transmitted than leaf roll and 
is less easily transmitted than rugose mosaic and streak. The tuber symptoms 
are a general average reduction in size. 


. — Normal and mosaic-affected leaves of potato. (PhotogTaph by B. F. Dana,) 
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This seems to be practically identical with common mosaic” as 
described by Quanjer (1923) and includes much at least of the disease 
which Murphy has considered ‘‘typical or simple mosaic” as distinct 
from “crinkle” and “leaf drop” (1921, 1922). 

Leaf •-rolling Mosaic . — This is applied to a 

. . . symptom complex that so far has been irreducible to simpler complexes, 
and that consists of slight dwarfing, diffused mottling, wrinkling, slight ruffling 
and roiling of the upper leaves. It is difierent from the mild mosaic in respect 
to the distinctness of the mottling, the presence of rolling and the effects in com- 
bination with the spindling tuber disease, and is similar to it in infectiousness. 

The tuber symptoms are a general average reduction in size. It is distinct 
from leaf roll. 

This type of mosaic was probably included in “crinkle” as described 
by Murphy and adopted by Quanjer (1923). , 

Rugose Mosaic . — This type may be differentiated from mild mosaic 

... by distinct dwarfing, more chlorosis, and more diffused mottling, a more 
rugose type of wrinkling and a tendency to show brittleness, spotting, streaking, 
leaf dropping and premature death, especially when in combination with the 
spindling tuber disease. The tuber symptoms are a marked reduction in size. 

Most of “crinkle” as described by Murphy and adopted by Quanjer 
is included under the ^ ^rugose mosaic” of Schultz and Folsom. It is 
probable that the most of “curly dwarf” as described by Orton (1914) 
as a distinct disease and the “mosaic dwarf” of Krantz and Bisby (1921) 
represent extreme types of rugose mosaic in which the symptom of 
mottling is more or less suppressed. It is also possible that the dwarf 
mosaic is a complex of more than one disease. Dropping of leaves and 
streaking are symptoms associated with rugose mosaic and, according to 
Schultz and Folsom, most of the symptoms of streaking which they have 
observed are connected with this trouble rather than with the specific 
streak disease. Quanjer (1923) recognizes “stipple streak” as distinct 
from “crinkle” and equivalent to streak as described by Orton (1920), 
but from his description and illustrations it seems very similar to forms of 
streak accompanying rugose mosaic. He also recognizes “leaf-drop 
streak,” which he states may be identical with Murphy^s “leaf drop.” 

He suggests that the “russet dwarf” of Hungerford (1922) seems to be 
crinkle combined with leaf -drop streak, and that “yellow dwarf” de- 
scribed by Barrus and Chupp (1922) seems to be a combination of crinkle 
and stipple streak. Recent work by Goss and Peltier (1925) has pointed 
to yellow dwarf as a distinct virus type. The exact relationship of these 
very similar mosaic types can only be settled by comparative cultures 
under carefully controlled conditions. 

Two other types of mosaic have also been described, by Quanjer: 

(1) ^Hnterveinal mosaic^ marked by pale patches between the veins, 




Fia. 84. —Severe form of rugose mosaic on Bliss Triumph. {Photograph by B. F. Dana.) 
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the leaf tissues directly in contact with the veins remaining green, 
margins often a little undulated and turned upwards; and (2) aucuba 
mosaic, characterized by more or less round yellowish patches, especially 
evident in the upper leaf surfaces, in extreme cases occupying half of the 
leaf surface. The name of the latter has been suggested by its similarity 
to the variegation of Aucuba japonica. It is an infectious trouble and is 


not to be confounded with ordinary variegation which is not uncommon 
in potatoes and other plants. ''Calico^' described by Hungerford (1922) 
appears to be a non-infectious chlorosis or variegation that is propagated 
through the tubers, and is therefore distinct from aucuba mosaic. 

The recognition of numerous distinct types of mosaic is, after all, 
not such an important thing as the recognition of symptoms of degenera- 
tion diseases in general, since they are all quite similar in their general 
effects and need to be held down to a minimum to insure profitable 
production. Mottling, spotting, streaking, blighting, leaf drop, dwarfing 
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and early maturity either retard the photosynthetic processes or cut short 
the time during which this process is active. As might' be expected / the 
interference with carbohydrate manufacture causes more or less reduction 
in the size of the tubers and in some cases quality is also impaired. In 
many cases mosaics cause no evident tuber eifects except reduction 
in size, there being no external or internal characters by which the disease 
can be identified. Cracking and splitting of tubers have been noted for 
vstreak, in curly dwarf as described by Orton, in leaf roll, in yellow dwarf 
as studied by Barrus and Ghupp (1922) and in unmottled curly dwarf by 
Schultz and Folsom (1923). It seems quite probable that some of the 
cases of tuber cracking and deforming formerly attributed to Rhizoctonia 
are in reality the effects of some of the degeneration diseases. 




Fits', 85. — Diagrammatic cross-sections of tobacco leaves, showing effect of mosaic. A 
section through hypoplastic area of tobacco leaf; B, section through dark-green area, 
showing hypertrophy of palisade tissue; C, section through ordinary dark-green tissue, 
(After B. T. Dickson^ Macdonald College Tech. Bui, 2.) 

Losses from Mosaic. — The losses from mosaic are due to the reduced 
yields and lowered quality of the stock from diseased hills. As early 
as 1917 Murphy recognized the heavy losses from mosaic. In a test 
reported by him mosaic hills gave 52 to 63 per cent of the yield of normal 
hills. On account of the small size of the tubers from mosaic hills, only 
82.7 per cent were marketable, as contrasted with 91.6 per cent of the 
tubers from healthy hills. From the case studied the conclusion was 
reached '^that for an average crop of 250 bushels per acre, the yield of 
marketable tubers is reduced about Ij'^ bushels for every 1 per cent of 
mosaic present.^' A recent test of the effect of mosaic on the reduction 
in yield is reported by Folsom and Schultz (1924), which showed that 

In pounds per hill, in comparison with the healthy hills, the yield rate was 
reduced 15 per cent by the presence of about 45 per cent mosaic, 35 per cent by 
mosaic appearing for the first season in the progeny of healthy plants, and 40 
per cent by mosaic of 2 or more years standing. 
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These figures were based on Green Mountain stock, in which most 
of the mosaic was of the mild type. In rugose mosaic or its extreme type, 
mosaic dwarf, the reduced yields will be more pronounced. Krantz and 
Bisby (1921) report the rapid decline of yields from a number of varieties, 
including Gold Coin, Peerless Junior, Early Ohio, Minnesota No. 2 
and Burbank, when grown at the University farm. The yields at the 
beginning of the tests in 1914 varied from 167 to 226 bushels per acre, 
while in 1919 the same stock had become so diseased that the yields varied 
from no potatoes to 13 to 29 bushels. Where the same stock was grown 
at some more favorable location for a part of the time and then brought 
back to the University farm, the decline was not so rapid. These figures 
will suflfice to emphasize that under conditions favorable for the develop- 
ment of mosaic the disease may be responsible for the complete ^'running 
out of a variety in a few years^ time. This experience has been repeated 
from Maine to the Pacific Northwest. 

Etiology.— Mosaic in its various forms is an infectious or communica- 
ble trouble of the virus type and is hereditary or perpetuating. When 
Orton first published on mosaic in 1914, it was thought to be transmitted 
through the tubers, but definite proof of this was not furnished until 
later. While the disease was recognized at that time as having certain 
resemblances to the infectious tobacco mosaic, its infectious character 
had not been demonstrated. The different kinds of mosaic differ some- 
what as to their degrees of infectiousness, but they can all be transmitted 
from diseased to healthy plants. This transmission may be demonstrated 
by artificial means and takes place under natural growing conditions in 
the field. Transmission is successful by (1) stem grafts; (2) tuber grafts 
(see Leaf Roll for method); (3) juice inoculations; and (4) the feeding 
punctures of aphids which have been pastured on diseased plants. 
Potato mosaic is not so infectious as tobacco mosaic, which is trans- 
mitted by contact. Mere contact of aerial or underground parts is not 
sufficient for transmission of potato mosaic, but organic union appears 
to be necessary. This is indicated by complete failure of transmission 
when attempted tuber grafts fail to unite. From this behavior it will be 
seen that there is no danger of transmission from tuber to tuber during 
the storage period, unless sprouting should take place and aphids should 
be present. 

Juice inoculations have been made in a number of different ways, 
using both filtered and unfiltered juice: (1) by filling a cavity in a seed 
piece with the juice from crushed stems and leaves of diseased plants; 
(2) by painting the juice on rubbed, bruised or slashed leaves; (3) by 
hypodermic injection into stems or petioles; (4) by application of the juice 
from diseased plants to young healthy leaves, followed by rubbing and 
crushing of parts of the leaves between the fingers; and (5) by placing a 
diseased leaf in contact with a healthy one and rubbing and crushing 
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together (Schultz etaL,, 1919). ■. Varying success followed the use of these, 
methods, some being negative, but four and five were especially , successful. 

These so-called leaf-mutilation inoculations have been very general^ 
used in transmission studies (Schultz and Folsom, 1923). 

Aphid transmission was demonstrated by Schultz et ah (1919) by 
observation of natural dispersal and also by the artificial transfer of the 
insect vectors, and similar results were later obtained by Quanjer (1920). 

The most positive proof of insect transmission was obtained by the use 
of insectproof cages. In a test made in the wunter of 1918-1919 under 
greenhouse conditions, spinach aphids which had been pastured on mosaic 
plants were placed on mosaic-free plants under the cages, and, of 18 i 

plants used, 13 developed typical mosaic symptoms, while aphids trans- | 

ferred from healthy potatoes and from radish plants induced no mosaic 
symptoms. 

Symptoms of mosaic were first seen in 18 to 31 days and then consisted of the 
mottling characteristic of slight mosaic, but the mottling soon became more 
pronounced and sometimes was accompanied by considerable wrinkling (Schultz 
et al,j 1919). 

Similar results have been obtained in other tests, so that the role of 
aphids in the transmission of mosaic has been definitely established. 

Both the potato aphis {Macrosi'phum solanifolii Ash.) and the spinach 
aphis {Myzus persicw Sulz.) have been proved to be active and effective 
vectors of mosaic. Quanjer (1920) reports that in his experiments every 
plant on which mosaic aphids were fed got mosaic progeny, but that the 
symptoms of primary disease did not always show during the current 
season. The testing of the progeny was the certain means of determining 
whether transmission had taken place. Similar transmission tests with 
flea beetles, Colorado potato beetles and leaf hoppers have given only 
negative results. Although transmission by the seed-cutting knife has 
been suspected, none has ever been obtained. 

Rugose mosaic is the most infectious of the mosaic types, aiid current- 
season symptoms in the Cobbler, Rural and Rose groups may be readily 
obtained by leaf-mutilation inoculations in either the greenhouse or the 
open field. Leaf-rolling mosaic is similar to mild mosaic in infectiousness, 
but both are more easily transmitted than leaf roll. 

A frequently observed and important feature of mosaic is the masking 
of the symptoms as a result of exposure to certain environmental condi- 
tions. This relation of temperature to the visible expression of mosaic 
symptoms was first shown under controlled conditions by Johnson for 
tobacco mosaic and later for potato mosaic (1922). Plants were grown in 
the greenhouse in air-control chambers held at fairly constant tempera- 
tures for 1 to 3 weeks. The effect on mosaic was based either on the 
disappearance of mosaic symptoms or on the intensity of their expression. 
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Temperatures as low as 6®C* seemingly did not inhibit the disease. Taking 
the growth of the host into consideration, the optimum temperature lies between 
14 and IS'^C. Above 20''C. symptoms disappear, the rate or recovery from the 
disease being increased in proportion to increase of temperature within the limits 
of host development. To inhibit the disease completely, however, within a 
period of 1 to 2 weeks, a temperature of 24 to 25°C. is necessarj^; and this may be 
regarded as the maximum temperature for mosaic manifestation in the potato. 
New leaves, free from symptoms, appear quickly at this temperature and older 
leaves gradually lose their symptoms, the rate of “recovery” being roughly 
proportional to the age of the leaf, i.e,, the older the leaf the longer the time 
required for recovery (Johnson, 1922). 

In these first studies the type of mosaic was not indicated, but Goss 
(1924) has recently noted essentially similar relations for mild mosaic, 
medium plus mosaic (rugose) and curly dwarf, and has emphasized the 
fact that masking of symptoms is also favored by low moisture and 
increased sunlight. The important bearing of these air environmental 
factors is stressed, since all three — high temperature, low air moisture 
and intense sunshine — usually occur together under field conditions and 
in certain environments may be sufficient to cause almost complete 
masking of symptoms. In later studies on the relation of environment, 
Goss and Peltier (1925) report that: 

The effect of air temperatures on the foliage symptoms of mosaic has again 
been found to be very pronounced and appears to be the most important factor 
in the masking of foliage symptoms of the degeneration diseases. 

Mottling w^as again found to be the most constant symptom of mosaic at all 
temperatures, although a change in the type and degree of mottling was clearly 
evident. With mild mosaic mottling did not appear on new growth at 25°C., 
while the distinct mottling occurring at 15°C. became very indistinct or diffuse 
when the plants -were changed to 25®. The indistinct or diffuse mottling of 
plants affected by rugose mosaic was not greatly changed at high temperatures. 

The wrinkling, ruffling, rugosity, curling, rolling and brittleness of mosaic 
plants all tended to disappear at 25°C. In addition to the masking of the above 
symptoms which has previously been recorded, it w^as found that the streaking, 
spotting, burning and leaf dropping of rugose mosaic did not occur at 25® C. on 
Bliss Triumphs. 

The symptoms of mild mosaic are so greatly masked at high temperatures 
that the plant often looks healthy, while the other mosaic types and combinations 
of two mosaics or mosaic and spindle tuber still retain enough of the symptoms 
at 25®C. to distinguish them clearly from mild mosaic and healthy plants. The 
identification of the individual diseases, however, is very difficult and often 
impossible at 25®C. 

The exposure of mosaic plants to the high temperatures does not 
appear to destroy the infectious properties of the mosaic virus, since 
aphid transmission may continue during the period of masking, and 
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progeny from all/Siich diseased^ WUs will again exhibit the disease when 
grown under favorable teniperattire conditions. 

^ Varietal Relations. — WitK' some modifications of symptomvS the 
various types of mosaic appear to be generally capable of intervarietai 
transmission, or from recognized varieties to seedlings or from seedlings 
back to the same varieties or to others. Quanjer (1922) reports that 
mosaic (apparently mild mosaic) can be transmitted to other solanaceous 
species, e.g., tomato and tobacco by grafting. Schultz and Folsom have 
obtained similar results by leaf mutilation and by aphid transmission, but 
conclude that potato mild mosaic is not identical with tobacco mosaic, 
and that the tomato is susceptible to both of these mosaics and also to 
potato rugose mosaic. Mild mosaic has also been transmitted to black 
nightshade (Solarium nigrum). More recently Elmer (1925) has reported 
the successful transfer of mosaic from potatoes to cow peas by means of 
*ophids, but artificial inoculations were unsuccessful, which would lead 
ane to question the reliability of the data on aphid transfer. 

Not very much can be said at the present with reference to the resist- 
ance of varieties. While variations have been noted in susceptibility, 
no immune strains or varieties have been found. Seedlings appear to be 
quite generally susceptible. A large amount of the experimental work 
has been conducted with the very susceptible Green Mountains and Bliss 
Triumphs. It is stated that the Irish Cobbler is practically free from 
mosaic in northern Maine (Folsom 1920) and that other varieties resemble 
the Cobblers. Murphy (1922) mentions eight varieties, including Great 
Scot, as resistant to mosaic in Ireland, Great Scot being the only one that 
withstands leaf roll also. It is possible that high resistance to mosaics 
may be developed by selection among known varieties or in seedling 
strains, but the outlook is not very promising. 

Control. — The control of mosaic is more difficult than leaf roll, because 
of its more ready transmission and the pronounced masking of symptoms. 
The recommendations for leaf-roll control are of general application in 
holding the losses from mosaic down to a minimum. Two lines of pro- 
cedure are open to the potato grower: (1) to rely on seed produced in 
regions in which mosaic is of little consequence or where extreme care is 
taken by professional seed growers to produce high-grade stock; or (2) 
to produce his own seed in an isolated seed plot, as outlined under Leaf 
Roll. Experience has shown that even greater care must be practiced in 
rogueing the seed plot, beginning early before the mosaic symptoms are 
masked. The success attending the seed-plot method will vary in differ- 
ent environments, and experience must be the guide as to its value. An 
experiment reported by Stewart (1924) is illustrative of the degree of 
success which may attend the seed-plot method and rogueing. Green- 
house-tested, mosaic-free Green Mountain seed was grown in 1921, 1922 
and 1923 in isolated plots and carefully rogued, but the 1923 crop when 



284 


MANUAL OP PLANT DISEASES 


tested in the greenhouse showed 4.4 per cent of mosaic. In case the use of 
imported certified seed is adopted as the best practice, it may be possible 
to use stock from this crop the second season, and only use thecertifieW 

seed every other year. 

In every country a search should be made for secluded or isolated 
localities in which seed-potato production can be profitably established 
because of freedom from the insect vectors. Cases are on record where 
the same seed stock has been grown for 25 years without showing anv 
signs of deterioration. It is now generally conceded that “running out ” 
or degeneration of potatoes is not a physiological process, but the result 
of the numerous virus diseases, and that seed stock may be kent nn 
indefinitely if these diseases are absent or can be excluded ' 
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Cotton stenosis or smalHng.— C ook, O. F.: Malformations of cotton plants in Haiti. 
A new disease named smalling or stenosis, causing abnormal growth and sterility, 
/our. Fcrcd. 14: 323-335, 1923. 

Cucumber mosaic.— Various phases of the disease have suggested the common names 
of mottled-leaf mosaic, wart disease, nubbin and white pickle. Doolittle, 
S. P. : The mosaic disease of Cucurbits. U. S. Dept. Agr. Bui. 879: 1-69. 1920. 

Doolittle, S. P. and Walker, M. N.; Further studies on overwintering and 
dissemination of cucurbit mosaic, /our. Apr. iSca. 31: T-58. 1925. 

Hippeastrum mosaic.— K unkel, L. O.: Amoeboid bodies associated with Hippeastrum 
mosaic. Science n. s. 55 : 73. 1922; 57 : 693. 1923. 

Hop mosaic.— S almon, E. S.: The mosaic disease of the hop. Jour. Min., Agr. 29: 
927-934. 1923. 

Hop nettle head.— S almon, E. and Ware, W. M. : Virus diseases and the grafting 
of the hop. Gard. Chron. Ill, 77 : 320-322. 1925. 

Lettuce mosaic. — J agger, I. C.: A transmissible mosaic disease of lettuce. Jour. 
Agr. Res. 20: 737-739. Newhall, A. G.: Seed transmission of lettuce mosaic. 
Phyiopath. 18: 104-106. 1923. 

Melon mosaic. — D oolittle, S. P.: The mosaic disease of cucumbers and melons. 

Iowa State Hort. Soc. Rept. 57 : 393-396. (See also Cucumbers.) 

Mustard mosaic. — (See Cabbage, Chinese.) 

Mcotiana viscosum. — A llard, H. A.: A specific mosaic in Nicotiana viscosum distinct 
from the mosaic disease of tobacco. Jour. Agr. Res. 7 : 481-486. 1916. 

Pea mosaic. — B laringhem, L.: Mosaique chcz le pois {Pismn sativum). Compt. 

Rend. Acad. Sci. Pans 175: 1432-1434. 1922. 

Peanut mosaic.— Me C lintock, J. A.: Peanut mosaic. Science n. s, 45: 47-48. 

1917. Rosette disease of peanuts. Jour. Dept Agr. So. Afr. 11: 10-11. 1925. 

Pepper mosaic.— S chwarzs, C. A.: Relation of mosaic of the pepper and the filiform 
leaf of the tomato to the mosaic of tobacco. Phytopath. 4: 42. 1914. 

Petunia mosaic. Allard, H. A.: The mosaic disease of tomatoes and petunias. 
Phytopath. 6 : 328-335. 1916. 

Pokeweed mosaic. Allard, H. A*: The mosaic disease of Phytolacca decandra. 
Phytopath. 8: 51-54. 1918. 

Potato streak.' Schultz, E. S. and Folsom, D. : Transmission, variation and control 
of certain degeneration diseases of the Irish potato. Jour. Agr. Res. 25: 43- 
117. 1923. For other virus diseases see special treatment of leaf roll and 
mosaics, p. 273. 

Raspberry bluestem (eastern),— This is not the same as the bluestem disease of 
black caps in the state of Washington. Wilcox, R. B.: Eastern bluestem of 
the black raspberry. U, 8. Dept Agr. Cite. 227 : 1-X2. 1922, 
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Raspberry mosaic and leaf curl or yellows. — These are two distinct types of virus 
diseases. ,R an la n,.. W. H. and Hockey, J.'F.: Mosaic and leaf-ciiri (yellows)' of 
the cultivated red raspberry. Phytopath. 12: 26^2M. 1922. Smith, ,.F. T. : 
The relation of insects to the transmission of raspberry leaf-curl. J{mr.. Econ, 
£?nfom. 18: 509-513. 1925. 

Sandal spike.- — Coleman, L. C. : The transmission of sandal spike. Indian For. : 
49: 6-9. 1923. 

Soybean mosaic.— Gabdnee, M. W.: Soybean mosaic. Jour. Agr. Res. 22 : 111-113. 
Kendrick, J. B. and Gardner, M. W.: Soybean mosaic: seed transmission 
and effect on yield. Jour. Agr. Res. 21 : 91-98. 1924. 

Spinach blight. — Smith, L. B. : Breeding mosaic-resistant spinach and notes on 
malnutrition. Ya. Truck Exp. Sta. Bui. 31, 32; 137-160. 1921. 

Sugar-beet mosaic. — (See Beet.) 

Sugar-cane mosaic. — Stevenson, J. A. : The mottling or yellow-stripe disease of sugar 
cane. Jour. Porto Rico Dept. Agr. 4: 1-76. 1919. Stevenson, J. A.: The 

mosaic disease of sugar cane in 1923. A discussion of the problems to date. 
Unnumbered paper issued bij the Agr. Res. Dept. United Fruit Co., pp. 1-35. 1923. 

Sweet-pea mosaic. — Taubbnhaxts, J. J.: Mosaic disease of the sweet pea. Del. Agr. 
Exp. Sta. Bui lOQ: 1914. 

Sweet potato mosaic. — Rosen, H. R.: The mosaic disease of sweet potato. Ark. 
Agr. Exp. Sta. Bid. 167 : 1-10. 1920. 

Tobacco mosaic. — Various local names have been used, such as calico, brindle, mon- 
grel, mottle top and string leaf for different manifestations of the symptoms. 
Allard, H. A.: Mosaic disease of tobacco. U. S. Dept. Agr. Bui. 40: 1-33. 
1914. Chapman, G. H.: Mosaic disease of tobacco. Mass. Agr. Exp. Sta. Bui 
175 : 72-117. 1917. 

Tomato mosaic. — Filform leaf and fern leaf are forms of mosaic. Gardner, M. W. 
AND Kendrick, J. B.: Tomato mosaic. Ind. Agr. Exp. Sta. Bui 261: 1-24. 

1922. : Overwdntering of tomato mosaic. Bol Gaz. 73; 469-485. 1922. 

Tomato streak.— Vantbrpool, T. C.: The stripe or streak disease of tomatoes in 
Quebec. Ann. Repl Quebec. Soc. Prot. Plants 16: 116-123. 1924. Dickson, 

B. T. ; Tobacco and tomato mosaic. Science N. S. 62: 398. 1925. Tomato 

streak or stripe due to double inoculation with tobacco or tomato mosaic and 
potato mosaic. 

Turnip mosaic.— Gardner, M. W. and Kendrick, J. B. : Jour. Agr. Res. 22 : 123- 
124, 1921. (See also Cabbage, Chinese.) 
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CHAPTER XIII 

BACTERIAL DISEASES OF PLANTS 

Previous to 1878 the occurrence of bacterial diseases of plants had not 
been demonstrated, although bacteria had already been accepted as 
important pathogenes for man and domestic animals. Our knowledee of 
bacterial diseases of plants is therefore the result of studies made within 

tt to i rZ. during 

Early Knowledge of Bacterial Diseases of Plants.— It is sienifirant th-it t.lio mj. i 
of investigators m widely separated parts of the world were turned to the possibility S 

Jseases of plants nearly simultaneously in America, France and Holland S 
histoncal feature may be shown in the following tabulation : ' ^ ^ 


Name of disease 


Fire blight 

Rose-red disease 
Yellow disease. . 


Host 

1 

Investi- 

gator 

Years of 
work 

Pear and apple 
Wheat kernels 
Hyacinths 

Burrill 

Prillieux 

Wakker 

' 1878-1883 
1879 

1883-1889 


Country 


Illinois, IT. S. A. 

France 

Netherlands 


vvux biiy none tnat Uomes in Italy in 1880 recognized 1 
of bacteria for plants, although less specific diseases were dcs^bed 
1 ? S f? Woronin discovered bacteria in the root tubercles of I 

.--t of Burrill. NotwiSw^ 


previous to the important work of RurriU I — 

early proofs of specific bacterial diseases, workers esneciallv in r f^bose 

accept the findings of their contemp;rIrs ffu f 
pathologist, accepted the findings of Wakker as earit Is IRsI T , f 
eminent German bacteriologist, Dr Alfred Fischer Le- 
bacterial diseases of plants. He arLd twt Jew’ !. of 

woun^ and that their development would soon be SeTbv tf 

excluding cork layer: further that \*rv 4 ? +• ecKed by the formation of an 

claims were again pui forward 2 vea^r altogether impossible. His 

another Germfn s^tSt Se also a or^^d by Wehmer, 

the U, S. Department of Agriculture in ISfllQt and fn i oni c<* 

has appeared to dispute the important of bacteria'^as pXatt:~ IlS: 

jsoo . 
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, BACTERIAL DISEASES OF PLANTS 

. , number, of, specific bacterial, diseases' known to science 1ms rapid,ly increased.. The 
ptibiication. by Smith of the first volume of “Bacteria in Relation to Plant Diseases 
ill 1905/’ with the later volumes of this monumental work, served as a stimulus to the* 
investigations that have followed. 

The Rumber of Bacterial Diseases of Plants. — In 1896 Smith stated that ^Hhere 
are in all probability as many bacterial diseases of plants as of animals.’’ In 1920 the 
same authority reported the occurrence of specific diseases on hosts scattered through 
more than 150 genera and over 60 families. These include three diseases of Gynino- 
sperms, 23 of Monocots, with the balance in the various Dicot families from the willows 
to the Composites. Many of the hosts are im|X3rtant cultivated plants or wild plants 
of economic importance. According to the opinion of Smith, “It appears likely that 
eventually bacterial diseases will be found in every family of plants from the lowest to 
the highest.” Each year since the publication of the statements quoted has witnessed 
numerous additions to the long list of recognized bacterial diseases of plants. In the 
recent '^Manual of Determinative Bacteriology ” (Bergey, 1923) the plant pathogenes 
are placed in two genera, Erwinia with 11 species and PhjTomonas with 36 species. 
This does not represent the full number of bacterial pathogenes, since many others 
have been too imperfectly described for inclusion in a determinative manual. 

The General Morphology of the Bacteria. — These minute organisms 
are probably the simplest of our non-chlorophyli-bearing plants and 
include a large number of distinct species which can be recognized partly 
on the basis of structural characters and partly from their physiological 
or cultural characters. Mode of life has had but little effect on their 
structural characters, the plant body being essentially the same, whether 
they live as scavengers on dead refuse or inorganic food materials or adopt 
the role of robbers and live at the expense of other organisms, plant or 
animal, as parasites. 

The plant body in its simplest form in the true bacteria (Eubacteri- 
ales), sometimes called the lower hacteria, consists of a single cell, which 
can be assigned to one of three general types: (1) globular or spherical 
forms, the coccus type; (2) short to long cylindrical or rod-shaped, the 
bacillus type; and (3) the short or long, spiral, cylindrical forms, the 
spirillum type. The cells of the different types may be held together as 
pairs, chains, long or short filaments, long spirals or, in the coccus forms, as 
packets or cell masses, but in every case the single cell is to be considered 
as the individual, and the various groupings as aggregates of individuals. 
Under certain conditions irregular or branched forms may be assumed. 
The bacteria vary in size from coccus forms 0.15 to 1 micron in diameter 
to bacillus or spirillum forms 0.3 to 3 microns in diameter and 1 to 0 
or more microns in length. 

Each cell is surrounded by a definite cell wall or membrane, which 
is nitrogenous in chemical character, rather than a carbon compound 
(cellulose of fungi and higher plants). It is a common thing for the wall 
to undergo a mucilaginous modification, hence groups of bacteria are 
viscid or slimy and may be held together as sheathed filaments, irregular 
masses or thin, scum-like sheets. The living substance, the protoplasm, 






MANUAL OF PLANT DISEA8E^i 


shows but little differentiation. Certain species of bacteria are always 
inactive or incapable of locomotion, while others under certain conditions 
are able to swim actively through a liquid medium, or have the power of 


Fig. 86. — Diagram illustrating the morphology of the true bacteria. A, coccus forms; 
B, bacillus forms; C, spirillium forms; D, types of spore formation. 


Fig. 87. — Poured-plate isolation showing colonies of bacteria obtained from a bacterial 
blight of Antwerp raspberries. 

locomotion. This motility is the result of the lashing movements of 
delicate vibratile threads, the flagella^ varying in number and distribution. 

Reproduction is by simple fission or cell division, hence the common 
name, the fismon fungi. This habit also suggested the scientific name, 
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"the Scliizomycetes, which comes -from Greek words meaning . splitting 
fungi. Under, suitable, conditions for growth a, separation of, a single cell 
into two will be completed in 20 to 30 minutes, but this rate of multiplica- 
tion is not kept up for long periods because of the operation of various 
unfavorable factors. Certain species of bacteria are able to form special- 
ized reproductive bodies or spores. The most general form, the endospore,, 
is formed by the contraction and the concentration of the protoplasmic 
body, which assumes a globular or oval form and surrounds itself with a 
firm, solid membrane, while the old sur- 
rounding cell membrane will ultimately 
disappear. Lohnis describes four other 
types of reproductive bodies. The 
endospores are much more resistant to 
desiccation, heat or other unfavorable 
factors than the vegetative cells, and 
under suitable conditions will germi- 
nate and produce new vegetative cells. 

None of our plant pathogenes are 
known to produce endospores. 

The plant pathologist is interested 
in one of the groups of the higher bac- 
teria, the Actinomycetales. In this 
group the plant body is filamentous, Fig. 88™Comparative size ^ 

often branched and quite fungus-hke m a, crown-gall bacteria; B, bacteria of 
character, and sometimes reproduces cabbage; c, fire-bhght 

by means of specialized spores or 

conidia. Some authorities refer these organisms to the simple imperfect 
fungi, the Hyphomycetes, rather than to the Schizomyctes. The other 
groups of bacteria with which the plant pathologist is not concerned are 
presented in the following outline of classification. 

Classification of Bacteria in General and of Bacterial Plant Patho- 
genes. — According to the recent classification by the Committee of the 
Society of American Bacteriologists (Bergey\s Manual, 1923), the 
Schizomycetes or bacteria are arranged in the following six orders: 

Order I. Eubacteriales, the true bacteria. 

Order II. Actinomycetales, the mold-like bacteria. 

Order III. Chlamydobacteriales, the alga-like iron bacteria. 

Order IV. Thiobacteriales, the alga-like sulphur bacteria. 

Order V. Myxomycetales, the myxobacteria. 

Order VI. Spiroch^tales, the protozoan-like bacteria or Spirochsetes. 

The forms that are of phytopathological importance belong, for the 
most part, in the family of the Bacteriacese of the true bacteria, while the 
genus Actinomyces of the Actinomycetales furnishes at least one plant 
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pathogeiie/ scabies ^ the cause of the common scab of the 
Irish^ potato. 

It seems strange that coccus and spirillum forms of the true bacteria 
are of little or no importance as plant pathogenes, and that even among 
the rod forms none of the spore formers have parasitized plants. For 
some years plant pathologists generally accepted the classification of 
Migula, but Smith made a departure from this by substituting Bacterium 
for Pseudomonas and establishing a new generic name; Aplanobacter; for 
the non-motile forms referred to Bacterium by Migula, while a greater 
change has been made by the Committee of the Society of American 
Bacteriologists. These three different classifications now appearing in 
current American literature may be the cause of some confusion. In 
order to make them plain as they apply to plant pathogenes, they are 
presented in the following tabular comparison : 


Kon-motile 


i 



Bacterium: Miguia 
Aplanobacter: Smith 


iguia Pseudomonas: Migula Bacillus: Migula 

Smith Bacterium: Smith Baeiiius: Smith 

Erwinia: S. A. B. 

Phytomonas: S. A. B. 


It could not be expected that such simple forms as the bacteria could 
be assigned to species on the basis of morphological characters alone. 
They must be still further differentiated by their cultural characters on 
various artificial media, by their physiological behavior and by their 
pathogenicity. For this reason the student of plant pathology who 
would make real progress in the study of bacterial diseases of plants 
must be weU grounded in the fundamentals of bacteriological technique. 

Types of Bacterial Diseases —Three types of bacterial disease may 
be recognized : 

1, Vascular diseases are characterized by primary invasions of the 
water-conducting vessels of the fibrovascular bundles by the bacterial 
pathogene. In diseases of this type the water-conducting vessels may 
become so filled with the bacteria that water can no longer be supplied to 
the foliage and the plant wilts rather suddenly. This is well illustrated in 
the wilt of cucurbits due to Bacillus tracheiphilus E.F.S. If stems 
of such affected plants are cut acrossTa^whiiEe; viscid, bacterial ooze will 
appear from the ends of the xylem portions of the vascular bundles. The 
brown rot (Pseudomonas solanacearum)^ which affects the potato, eggplant, 
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Fig. 89. — Bacterial leaf spot of the common barberry. 


but may sometimes break into adjacent vascular elements. In such 
cases there is a necrosis of tissue without hyperplasia, and a spotting 
blighting or rotting of the affected parts is the final result. The fire 
blight of the apple and pear is an outstanding illustration of a disease of 
of this type XIII. The soft rot (Bacillus carotovorus Jones) of carrots 
and many other fleshy roots, stems, rhizomes or fruits is a rapid, 
soft and wet rot of parenchyma tissues that are filled with reserve food. 
The blackleg, basal stem rot or bacterial black rot of the potato is a 
parenchyma disease in which the bacteria invade the cortex of the basal 
portion of the stem, producing the blackened and shriveled stem bases 
which suggest the common name “blackleg.” The bacteria often infect 
the tubers and cause a black rot or decay. The angular leaf spot (Pseu- 
domonas malvacearum Smith) is an illustration of a somewhat different 
type of parenchyma disease, which first appears on the leaves as water- 
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tomato, tobacco' and other species of the nightshade 'family in the south- 
eastern. United, 'States' is a parenchym.ovascular disease of great., impor- 
tance. In this disease the invaded vessels are stained brown or black and 
sudden wilting results, but the pathogens invades adjacent tissues of 
parenchymatous character and causes the destruction of pith and cortex 
with the formation of bacterial cavities. The black rot (P, campestris). of 
the cabbage, cauliflower and other members of the mustard family is a 
vascular disease in which wilting is a less evident symptom than in many 
other vascular invasions. The primary invasion is through the vessels 
of the leaf veins, which are turned brown as the bacteria advance down- 
ward and inward. In this way the bacteria may reach the center of a 
cabbage head and spread to adjacent portions, and finally an offensive- 
smelling, soft rot may result from the action of secondary invaders of a 
saprophytic nature. 

2. Parenchyma diseases are troubles in which the pathogene invades 
the soft or succulent parenchyma tissues of the host, as a primary feature, 


294 


MANUAL OF PLANT DISEASES 


soaked spots, which finally turn to brown, angular areas. It affects the 

stem also, producing the “black arm” or gummosis and the caosiilA 
causing a “boll rot.” f uie 

3. Hyper-plastic diseases are characterized by tubercle, tumor or gall 
formation or by the development of additional organs (shoots or roots) 
from adventitious, dormant or latent buds. In diseases of this type the 
bacteria stimulate certain cells to increased activity and as a result of 
this abnormal cell division the structures noted above are developed 
The well-known crown gaU (P. tumefaciens Smith and Townsend) of 
fruit trees, shade trees and many other plants is a striking illustration 
of a hyperplastic overgrowth which may develop on various organs. 
The hairy root of the apple and other trees due also to the crown- 
gall organism illustrates another type of overgrowth which is charac- 
terized by the production of an excessive number of .small fibrous roots 
generally without tumor or gall formation. Mention may also be made 
of the olive knot or tubercle (P. savastanoi Smith), which appears as 
irregular knots or excrescences of a spongy or cheesy character on aerial 
parts, especially on trunk or branches. 

How Bacteria Invade Their Hosts.— The external surface of the plant 
body of seed plants is covered in large part by an epidermis with an 
externa,! cuticle or also with cuticularized external walls, or by a more 
impervious layer of cork cells, the periderm. Some parasitic fungi are 
able to make their way through such unbroken epidermal waUs but 
pathogenic bacteria seem unable to penetrate cuticularized walls or layers 
of cork cells. This leaves wounds, natural openings or surfaces unpro- 
tected by an external cuticle as the possible avenues of entrance. 

1. Entrance through Wounds.—l% was at first thought that bacteria 
could enter plants in no other way than through wounds, but today this 
way of infection IS known to be but one of several of considerable impor- 
tance. Mechanical injuries of various kinds which bruise or break the 
tissue subject the injured organs to invasion by wound parasites. The cell'- 
sap and the protoplasmic contents from the injured ceUs offer a food or 
culture medium in which bacteria may be lodged and in which they can 
make their imtial development. By repeated fission a mass consisting of 
flsTlf may result and adjacent uninjured ceUs may be affected 

elrn^s'tmM T specific 

woundi (Tt b« f""® to emphasize the entrance of bacteria through 
vain«w ^ / frequently been observed that the olive-knot organism 
gams entrance to twigs through haU bruises; wounds made in grafLg o“ 
budding constitute an important place of infection for the lown-gdl 
^ wounds will e^^laiu tie conunon ooourrenee of 

s^t Z Z Z ' “ ““y ‘tees; tie 

SrS or theZZS '“Pe '"“ew mechanical 

injuries or the inroads of fungous parasites; injuries to the root system of 


: . .. bacterial : DISEASES 'OF PLANTS ' , 295 

Solanaceous plants by .cultural operations or the feeding „of' nematodes or 
insects are frequently responsible for attacks of bacterial wilt; feeding of 
the striped cucumber beetles may be responsible for the infection of 
cucumbers with bacterial wilt, while bark-boring beetles or sucking- 
insects may make tunnels or feeding punctures in apples, pears and other 
hosts in which the bacteria of fire blight first establish themselves. It 
seems probable that guttation ruptures of young leaves, especially of 
cereals, may make openings through which infection may result. 

2. Entrance through Stomata . — These natural openings, which are so 
numerous on most green structures, constitute passageways leading into 
the system of intercellular spaces which permeate the tissues. With so 
many gateways it seems strange that stomatal invasion is not more fre- 
quent. The way in which a stomatal invasion may take place may be 



Fig. 90.— *A, portion of a leaf section showing bacteria in water him above a stoma; 
B, penetration of the bacteria into the substomatal chamber; (7, bacteria in the inter- 
cellular spaces of a parenchyma tissue; D, bacteria advancing in a spiral vessel. All 
semidiagrammatic. 

briefly outlined. Suppose a single bacterium of a species pathogenic 
for the host finds lodgment in a film of water over a stomatal opening. 
Under favorable conditions cell division follows in rapid succession. 
The resulting bacteria are pushed or work their way into the stomatal 
opening and soon come to fill the substomatal chamber. They increase 
in numbers until they push into the adjacent intercellular spaces and a 
watery, translucent spot results, while with further action the cells of the 
lesion may be killed and a leaf spot or a spreading lesion may result. 
Since the first proof of stomatal invasion in the black spot (Pseudomonas 
pruni Smith) of the plum, by Smith in 1902-1904, numerous cases of 
stomatal infection have been studied. This type of invasion has repeat- 
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edly been ^iionstrated by spraying pure cultures of pathogenes upon 
the siirfacfl'of perfectly sound plants. It is therefore well established 
that perfectly normal structures under the moisture conditions which 
frequently prevail in nature may become infected with a bacterial 
pathogene. 

3. Entrance through Water Pores— These structures, wliich are really 
specially modified stomata located in groups at the margins of certain 
leaves over , the ends of veins, seem also well suited to the entrance of 
bacteria, since liquid moisture accumulates at such points during the 
periods of retarded evaporation. The most noteworthy case of water- 
pore invasion is to be found in the black I'ot of the cabbage. The bacteria 
develop first in the tissue immediately below the water pores, but soon 

^ make their way into the spiral vessels of the vein terminal and then 
advance down the vessels as cell division proceeds, rapidly producing the 
characteristic black venation. 

4. Entrance through Nectaries, — The nectar-secreting glands of flowers 
offer another possible place of entrance, since the glandular tissue has 
no protection of cuticle or cuticulari25ed layers and the sweetish nectar 
presents a food that is favorable for the growth of bacteria.,/ 
Certainly, the anatomical features and the presence of the nectar are 
favorable, hence the infrequency of bacterial invasions of flowers by this 
portal must be ascribed to the lack of proper chemical relations of host 
tissue and possible pathogenes. In 1891, Waite first demonstrated the 
relation of bacteria of fire blight to the blossom-blight phase of that 
disease, and proved that the bacteria are introduced into the nectar by 
the visits of bees or other nectar-seeking insects. The bacteria left by 
visiting insects multiply with wonderful rapidity in the accumulated 
nectar, soon invade the nectaries through their unprotected glandular 
surface and then migrate downward into the ovary, flower pedicel and 
even into the stem, causing the characteristic blighting of flowers and 
fruit spurs. There are but few other proved cases of nectarial infection, 
but it seems probable that other examples will be discovered as more 
emphasis is given to the study of bacterial diseases. Extra-floral nec- 
taries and the stigmas of flowers offer additional unprotected surfaces, but 
no bacterial pathogenes are known to enter by those channels. 

5. Entrance through Lenticels, — The extent to w^hich bacteria can enter 
through these passageways which lead through the corky bark into the 
underlying parenchyma tissue of twigs, woody branches or modified stems 
is uncertain. This seems to be a possible way of entrance of bacteria 
into potato tubers’, especially those which cause soft rot. The possibility 
of lenticellate infection is one worthy of more detailed investigation. 

The Location of Bacteria in Diseased Tissue. — The majority of 
bacteria which cause disease in plants enter into the tissues of various 
organs or parts by some of the methods as outlined above, but in a few 
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cases diseases are caused by the development of the pathogene between 
certain closely appressed organs. This superficial position of the bacteria 
is illustrated in Eathay^s disease of orchard grass, in which the organisms 
are found between the glumes of the affected heads, and the gum-bud 
disease of carnations, in which the bacteria accumulate between the outer 
petals of unopened buds. Diseases similar to that of orchard grass have 
been described by O’Gara from wheat grass in Utah and by Hutchinson 
from wheat in India. 

Bacteria which actually penetrate the tissues may be: (1) inter- 
cellular j or in the spaces between cells, as in most of the parenchyma 
diseases; (2) intravascular^ or in the water-conducting vessels of the 
xylem, as in the wilts and other vascular diseases; and (3) intracellular, ot 
within the interior of cells. In invasions which are primarily intercellular 
or during the first stages of intercellular infection, the bacteria may enter 
the vessels to a limited extent. In many vascular invasions, the bacteria 
later break out into the surrounding parenchyma tissue and form inter- 
cellular pockets, while in advanced decompositions of tissue, bacteria 
may enter the dead cells and assist in the work of destruction. In a few 
cases, however, the bacteria gain access to the interior of living cells at the 
very beginning. This would seem to imply the ability of the pathogene 
to penetrate unbroken walls of cells by its own activities, possibly by 
digestive action and perhaps by entering minute wall perforations. 
Smith states ^Hhat the crown-gall organism occurs within the rapidly 
dividing cells’^ (1911), but that it does not seem to be very abundant in 
the affected tissues, but recent investigations by Riker and others seem to 
oppose this idea (see Crown Gall.) The symbiotic bacteria of the 
root tubercles of legumes offer an example of a copious intracellular 
development, with the bacteria persisting until the tubercles are matured 
and disintegrated. 

The Action of Bacteria on Their Hosts. — There may be a 

. . . mechanical splitting, tearing or crushing due to the enormous multiplica- 
tion of the bacteria within confined spaces. The whole intercellular mechanism 
of soft plants may be honeycombed and flooded in this way, and if the cavities 
are near the surface the tissues may be lifted up or the bacteria may be forced 
to the surface through lenticels or stomata in the form of tiny beads or threads, 
or by a splitting process (Smith). 

The principal actions are of a chemical nature, some of the most 
important being: (1) The separation of cells from each other by the diges- 
tive action of enzymes upon the pectic substances of the middle lamellae, 
leading to the production of cavities in various tissues. (2) The produc- 
tion of enzymes which convert starches into sugars, complex sugars into 
simpler forms or digest and make possible the assimilation of proteids and 
other nitrogenous compounds. (3) The formation of injurious acids, 
alkalis or toxic substances of some other character as by-products of their 
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activity, which either inhibit physiological processes or actually kill the 
protoplasm by their poisonous action. Such chemical changes may 
result in necrosis of tissue or the blighting of organs, or dry or soft rots 
may follow. (4) The production of substances. which stimulate cells to 
abnormal activity rather than depressing their life processes or killing 
them outright. 

The Reaction of the Host. — In every invasion by a pathogenic form 
there must be a contest between the host tissue and the intruder. It is 
possible that in many incipient infections the forces of the host win the 
contest very early in the struggle and consequently prevent the formation 
of visible lesions. It is only when the resisting powers of the host tissue 
are overbalanced by the aggressions of the parasite that disease becomes 
evident. If it were not for host resistance, parasites when once estab- 
lished would always multiply indefinitely until a fatal ending would 
curtail their activities, but we know that many bacterial lesions are of 
limited extent and that finally the intruding organisms die out and dis- 
appear, leaving but the marks of the battle, while the host still lives. 
There is but little evidence that parasitized plants develop compounds 
comparable to the antibodies which are formed in infectious diseases of 
animals; at least repeated attacks by a bacterial pathogene confer no 
immunity upon the host plant. It is certain, however, that bacterial 
development is frequently checked, but this may be due to the products of 
host metabolism on the one hand, or to the by-products of bacterial 
metabolism on the other. 

In addition to the killing effect upon host tissues which results in 
the death of localized areas, entire organs or parts, or of the entire plant, 
profound changes or modifications of plants invaded by bacterial patho- 
genes may result. Some of the more striking effects are retarded or 
lessened growth of certain groups of tissues, certain parts or organs or the 
entire plant; changes of color j involving conservation of chlorophyll, with 
the development of a deeper green or the change to yellow or some other 
color; distortions of leaves, stems or other parts not due to hypertrophies 
or to hyperplastic changes; and finally the development of new tissue, new 
organs or abnormal overgrowths as a result of either hyperplasia, or 
increased cell division, or of the hypertrophy of cells. 

In some of the simple bacterial attacks the advance of the bacteria in 
the tissues may be checked by the construction of a barrier of cork cells in 
advance of the invaded tissues. Cells which normally would remain 
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inactive are stimulated to celT division and produce a cork cambium 
which builds the impervious wall of cork cells. In other cases the 
increased cell activity, expressed in hyperplasia, may be so directed as to 
cause the development of organs of normal structure, roots or shoots, but 
either out of place or in excessive numbers (hairy root and witches' 
brooms). 
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In other cases of hyperplastic response cell division rum 
unchecked and undirected, with the result that irregiilar or formless 
overgrowths, cankers, tubercles, tumors or galls are formed. These may 
be illustrated by the crown gall on both woody and herbaceous hosts, the 
olive knot, the tuberculosis of the oleander, the galls of several species of 
pines, citrus canker and other less perfectly known canker diseases 
(poplar, oak). In these cases it is probable that some chemicail sub- 
stance produced by the bacteria or by the irritated cells excites the cells 
to ceU division, which proceeds with great rapidity. In many of the 
overgrowths the cells divide so rapidly that they remain small, and little 
differentiation takes place, with reduction of vascular elements. In 
other cases the same gall or tumor may exhibit hyperplasia and also 
enlargement or hypertrophy of some of the cells. 

The Dissemination of Bacterial Diseases. — Bacterial diseases may be 
introduced into a new environment or spread from diseased to healthy 
plants in a great variety of ways. Diseased plants may harbor the disease 
and serve as centers of infection when transported to distant points or 
when allowed to remain in fields or orchards. Some of the more impor- 
tant agents of transmission may be mentioned : ( 1 ) Seed used in the broad- 
est sense to include true seeds, fruits, bulbs, tubers or other propagating 
stock. The black rot of cabbage, Stewait^s wilt disease of sweet corn, 
black chaff of wheat, yellow disease of hyacinths, and blackleg of potato 
are recognized seed-borne bacterial diseases. (2) bisects and other animal 
Ufa, including birds mollusks and worms. Here may be mentioned the 
insect transmission of fire blight of apple, pear and other hosts (by various 
bucking and chewing insects) and the wilt of cucurbits (by striped cucum- 
ber , beetles, Diahrotica spp.) ; the transmission of the olive tubercle by 
snails; and the work of root-knot nematodes or round worms, which open 
the way for the entrance of the bacterial wilt or brown rot of tobacco, 
tdhiato and other susceptible hosts. (3) Contaminated fertilizer. The 
compost heap may harbor pathogenes which are later introduced into 
■tt#&ld. Potato scab, rots, black rot of cabbage and other troubles 
disseminated in this way. 
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BLACK ROT OF CRUCIFERS 

Pseudomonas campestris (Pam.) E. F. S. 

The black rot of the cabbage and other crucifers is a vascular bacterial 
disease which causes dwarfing and rotting of plants and spotting or 
blighting of leaves and in extreme cases death of the host. The disease 
has been referred to as a bacteriosis/ bacterial rot, brown rot or, most 
frequently, as the black rot. 

History. — The disease was first recognized by Garman in Kentucky in 1890, but its 
bacterial nature was not proved. The infectious nature of the disease was demon«- 
strated by Pammel in 1893-1895 by his study of a bacteriosis of rutabagas in Iowa, 
but he did not associate the trouble with the disease on cabbage and other hosts which 
was studied later by Russell and Harding and by E. F. Smith. These investigators, 
working independently, arrived at essentially the same results, the work of Smith 
being published a year earlier (1897) than that of the others. Both papers extended 
the work of Pammel and reported the infections of the leaves through water pores. 
Important later contributions were made in publications of Harding (1900), Smith 
(1898, 1903, 1911), Stewart and Harding (1903) and by Harding, Stewart and Prucha 
(1904). These workers demonstrated the ineffectiveness of the removal of diseased 
leaves as a method of control and showed that the causal bacteria are frequently 
carried on the seed. It is interesting to note that Smith used illustrations of black rot 
in his dispute with Fischer concerning the occurrence of bacterial diseases. In 1902- 
1903, Brenner, a student of Fischer^s, confirmed the work of Smith that had been 
disputed by Fischer. The demonstration of the prevalence of the disease in Europe 
by Harding (1900) stimulated the researches of Van Hall (1900) and Hecke (1901- 
1902). Mention should be made of recent work on cotyledon infection by Drechsler 
(1919), the study of the disease on Chinese cabbage by Brown and Harvey (1920), the 
description of variable effects on cauliflower by Clayton (1924), the demonstration of 
the effectiveness of the hot-water treatment of seed by Walker (1924) and the impor- 
tance of seed-bed sterilization in lessening the disease by Clayton (1924). 

Geographic Distribution, — “Black rot has been reported from practically all states 
east of the Mississippi River and from several west of it, especially from Iowa and 
Nebraska. For 20 years or more it has been destructive in the older cabbage-growing 
sections of the country, especially in the states of Ohio, Wisconsin, Michigan, New 
York, Iowa, Indiana and Pennsylvania. In more recent years several other states, 
particularly Maryland, Virginia, New Jersey and Texas, have reported serious out- 
breaks. The disease has been injurious to cabbage as far south as Florida and extends 
through all the states north into Canada. In 1908 it was reported from the state of 
Washington, but with a few possible exceptions it is of rare occurrence in the Rocky 
Mountain and Pacific Coast states. It is also well known in almost all parts of Europe 
and has been reported from the islands of Cuba, Porto Rico, New Zealand and the 
Philippines^^ (Harter^ Jones and Walker, 1923). Harding confirmed the report of 
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Pnddock that the black rot was destructive in Colorado in 1901 and 1902, and further 
attention was given to the disease in that state by Sackett in 1009. Jn 1911, .Smilh 
and Smith reported that 'H,he trouble is very uncommon in California if it occurs at 
all,” ■ . ■ ■ ■ 

Symptoms and Effects. — The earliest symptom of the disease, espe- 
cially in the cabbage, is generally a yellowing of the foliage with a blacken- 
ing of the veins, beginning at the leaf margin or around some insect injury, 
with a progressive development of the stain downward into the petiole 
and then into the vascular elements of the main stem. 

When once it has established itself in the main stalk it spreads rapidly through 
the whole plant. Traveling as it does through the veins and bundles of the plant, 
it seriously interferes with the channels by which water is distributed to the 
tissues of the leaf. This, combined with the actual invasion of the leaf tissue 
with the specific cause of the disease, causes the leaves to wilt, turn yellow, dry 
up and become thin and parchment-like in texture. The veins and fibrous 
strands that course through the plant are usually blackened, and often these alone 
are affected, the contiguous succulent tissues remaining apparently unchanged for 
a time at least (Russell), 



Fig. 91. — Cabbage leaf showing manner of infection. holes eaten by insects; B, 
diseased areas unshaded except blackened mesh of veinlets; C, blackened veinlets affected 
by disease ; Z>, water pores through which the black-rot bacteria enter to produce a marginal 
infection. {After Russell, Tffs. Bui. 68.) 

Affected leaves are not wet or decayed, and in severe cases there may 
be a gradual shedding of the lower leaves, finally resulting in a long bare 
stem marked only by the leaf scars and frequently with shoots pushing 
out from the axillary buds, while a terminal tuft of more or less distorted 
leaves crowns the stem. Dwarfing is one of the common effects of the 
disease and frequently one side of the plant is more affected than the 
other. Early attacks may destroy the young plant or it may make a 
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, crippled development without the formation of a head. The disease may 

' infect seedlings in the seed bed or the attacks may come only after the 

plants have been transplanted to the field. Seedling infections may 
develop even before the unfolding of the first leaf, showing a characteristic 
charring of the tissue along the edge of the cotyledon sinus. This initial 
; symptom may be followed by the collapse of the cotyledons and the death 

of the seedling. 

One of the most characteristic features of the disease is the blackening 
of the vascular elements. A cross-section of the fleshy petiole of an 
affected leaf may show all the bundles brown or black, and a cross-section 
of the stem, if the disease is sufficiently advanced, will show a brown or 
black woody cylinder. In fleshy structures, as in roots of turnips or in 
the edible portion of kohlrabi, pronounced cavities may be hollowed out 
in the succulent parenchyma. In certain cases a yellowish slime will 
ooze out from the cut ends of the vascular bundles— for example, in 
slices of infected turnip roots. 

A deviation from the normal sjmptomology has been noted in the 
cauliflower, in which numerous leaf infections dried up, without spread- 
ing, and the dead tissue dropped out leaving irregular perforations. In 
the Chinese cabbage small brown spots may appear in large numbers over 
the leaf blades, in addition to the typical vascular invasions. 

In black rot the sequelae are even more serious than the disease itself, 
for the affected plants are frequently invaded by bacteria which cause a 
destructive soft rot which may spread throughout the head and transform 
it into a black, slimy, foul-smelling mass. Plants affected by the primary 
disease alone have no conspicuous odor. The losses are not confined to 
the field but are continued into storage. In the stored crop, heads which 
appear perfectly sound may be badly rotted in the interior. Field losses 
of 40 to 50 per cent have not been uncommon and losses amounting to 90 
or almost 100 per cent have been recorded. A quarter of the stored crop 
of cabbage was lost at Racine, Wis., in the winter of 1896-1897 (Russell). 

Etiology. — This disease is caused by a specific bacterial organism 
which was first described as Bacillus campestris by Pammel in 1895. He 
proved the pathogenicity of the organism for rutabagas and yellow 
turnips, by pure culture inoculations and reisolations. In 1896-1897, 
Smith confirmed the work of Pammel on rutabagas and turnips, using 
pure cultures from turnips and cabbages, and also made successful inocu- 
lations on cabbages, cauliflower, kale, rape, radish and black mustard. 
Cross-inoculations showed that the disease on the various hosts was 
caused by the same organism. In the early work of Smith the pathogene 
was referred to as Pseudomonas campestris (Pam.) E. F. S., and this name 
was quite generally used -by American and European writers until Smith 
discarded Migula’s classification and substituted Bacterium campestre 
(Pam.) E, F. S. In theclassificatibnof bacteria proposed by the committee 
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of the Society of American Bacteriologists the organism is described as 
Phyiornonas cmnpestre (Pam.) S. A. B. 

The rods are 0.4 to 0.5 X 0.7 to 3 microns, and occur singly or in long 
chains. When crowded in the plant or in old cultures the rods are very 
short, almost coccus-like, but in young infections or cultures, they are 
much longer than broad. Young bacteria are actively motile by means 
of a single polar flagellum. No endospores are formed. The colonies on 
agar are pale yellow, circular, thin, flat, entire, with slight tendency to 
form concentric rings (for detailed cultural characters, see Smith, 1911). 

The infections of either young or old plants occur largely through 
parts above ground, but especially through the leaves. Harding reported 
infections through the injured roots, but Smith has found but little evi- 
dence of this type of infection except possibly in seedlings. Infections take 
place readily through mechanical injuries, and various leaf-eating insects 
are important agents of dissemination. Aphids and mollusks (slugs) 
have been shown to transmit the disease. While wounds may be 
the avenue of entrance of the pathogene, the majority of infections occur 
independent of mechanical injuries, normal leaf openings — ^the water 
pores —being easily entered. These modified stomata occur in groups on 
the serratures of the leaf margin, and during cool nights exude liquid mois- 
ture, which collects in dew-like drops. When weather conditions are such 
that the drops persist for some time, and the pathogene reaches this mois- 
ture, it multiplies and the rods soon penetrate the substomatal chambers, 
after which the entrance into the adjacent vascular elements of the veins is 
only a matter of time. The characteristic leaf symptoms with blackening 
of the veins will follow with some rapidity after the initial incubation 
period of 7 to 20 days. Smith reports as many as 400 distinct marginal 
leaf infections on a single plant. The occurrence of infection through 
ordinary stomata has been denied, but this has recently been demon- 
strated by Drechsler for the cotyledons of the cabbage, which are devoid 
of hydathodes. The formation of numerous lesions in the leaf-spot type- 
of disease in cauliflower and in Chinese cabbages would also suggest the 
the probability of stomatal invasion. 

The bacteria multiply in the spiral, and other vessels, move gradually 
forward as they increase in numbers, finally reach the base of the leaf and 
enter the vessels of the main axis. From this point they may be distrib- 
uted to other leaves, the movement outward or upward being aided by 
the transpiration stream and the mobility of the rods. After the organ- 
ism has penetrated the central axis of the host, wilting of leaves may 
result from the plugging of the vessels in the petioles by bacterial aggre- 
gates, even before a general penetration has taken place. 

The source of primary infections in any occurrence of the disease may 
be from contaminated soil or from bacteria which are carried on the 
surface of the seed. Manure from diseased refuse may contain the 
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pathogenc, and in such material or in ordinary soil which has produced a 
diseased crop it may persist from one season to another. Smith records 
a serious outbreak of the disease in cabbage in a field that was manured 
with ''refuse from a storehouse in which brown-rotted cabbage had been 
wintered over.^' An infected seed bed may cause numerous infected 
seedlings which will carry the disease to the field. Contaminated seed 
as a source of infection was first emphasized as an important feature, but 
further evidence has been offered by Walker and Tisdale, who cite a 
number of cases in which the disease was introduced into Wisconsin fields 


Fig. 92. — Section of a cabbage leaf parallel to the surface near the margin, showing the 
result of infection by black-rot bacteria through the water pores. (After E, F. Smith.) 


by seed imported from Europe. . After the disease is established in a 
field it may be spread by natural agencies from the infected plants to 
healthy plants. 

Pathological Anatomy* — While first entrance of the bacteria is thi'ough 
parenchyma, the parasite soon penetrates the vascular elements, where it 
makes its principal development. The spiral and reticulated vessels are 
very often filled with dense masses of bacteria, and these may sometimes 
break through into the surrounding parenchyma. "Often the intercellu- 
lar spaces are first occupied; the middle lamella is then dissolved and the 
elements are separated and squeezed into all sorts of shapes by the 


BACTEEIAL DISEASES OF PLANTS ' ' 305 

multiplication of the bacteria (Smith). The lignified elements are not 
digested ; at least the spiral threads and other lignified portions of Yessels 
persist. Non-lignified elements may be entered by the bacteria and 
destroyed by this means as well as by the wedging apart by the mass 
action of intercellular development. 

The destruction of parench 3 ana tissue adjacent to bundles in the way 
described is the cause of pronounced cavities in succulent structures. 
The advance of the bacteria in the parenchyma is relatively slow, and the 
cavities rarely if ever reach the surface of the organs in which they are 
formed. The formation of cavities is common in such structures as 
cabbage or cauliflower petioles and in turnip roots. 

Host Relations. — Practically all of the cultivated species of Brassica 
are susceptible to the black rot. In 1898 Russell stated that: “In ail 
probability there is but very little difference in susceptibility, all varieties 
yielding to the disease, if the causal organism is once present.^^ The 
disease is known to infect cabbage, cauliflower, brussels sprouts, rape, 
Gollards, kale, rutabagas, turnips, radishes and mustard. It has been 
found on winter stock (Matthiola incana) in Germany and recently on 
Chinese cabbage (Brassica chinensis)^ the loose-headed varieties being 
less susceptible than those with compact heads. Radishes are rather 
resistant, turnips and rutabagas more susceptible and cauliflower very 
susceptible. The Houser cabbage has been reported as “practically 
immune to black rot under field conditions, and is also listed as one of 
the older domestic varieties resistant to wilt or yellows. It should be 
noted, however, that the yellows-resistant varieties developed in 
Wisconsin have not proved resistant to black rot “nor to the other 
common cabbage diseases such as blackleg (Phoma) and club root 
(Plasmodiophora) 

Preventfon or Control. — No single practice will control black rot, but 
emphasis should be placed on (1) seed disinfection; (2) soil disinfection of 
the seed bed; and (3) on cultural or sanitary practices in general. If 
black rot is the only seed-borne trouble to be prevented, the mercuric 
chloride treatment is satisfactory, but if blackleg is present or suspected, 
the hot-water treatment should be used. For the former treatment soak 
the seed 30 minutes in a 1 to 1000 solution (mercuric chloride 1 part, 
water 1000 parts), rinse well in clean water, drain and spread out to 
dry. For the hot-water treatment, steep in water adjusted to exactly 
122°F. for 30 minutes, remove to cold water, drain and spread out to 
dry. In either treatment the seed can be handled to best advantage 
in a thin cheesecloth sack. The hot-water treatment causes more injury 
than the mercuric chloride, so whenever attempted, a preliminary treat- 
ment and germination test of a small lot of the seed should be carried 
out, Uspulun is reported to give excellent results but it has not been 
sufficiently tested. 
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■ Since infections may originate from, organism present in the soil of 
the seed-bed, some method of soil sterilization should be practiced. It 
is worthy of note that the treatment of the soil with 1 to 1000 or 1 to 1200 
mercuric chloride, which gives good results in the control of the root 
maggot, is also excellent for black rot. Good control of the disease in 
cauliflowers has been obtained by applying the solution three times to 
plants in the seed bed. The same treatment is also of value in the control 
of club root and damping-off due to Rhizoctonia. 

Late planting is recommended, especially for cauliflower. 

Black rot is a warm-weather disease and can be avoided by planting late 
enough so that the crop develops during the cool fall months. Generally speak- 
ing, fields planted after the last of July are fairly free from black rot (Clayton). 

The following additional recommendations have been listed: (a) Use 
manure and soil for the seed bed known to be free from the disease; (6) 
practice crop rotation, using one in which no cultivated crucifers or 
cruciferous weeds are allowed to grow for 4 to 5 years; (c) give attention 
to the control of all insect pests; {d) do not allow live stock to roam from 
diseased to healthy fields; (e) pull and destroy diseased plants as soon as 
detected, but do not throw them on the manure heap. It should be noted 
that the practice of removing affected leaves from cabbage or cauliflower 
,and destroying them, which was at one time recommended, has been 
shown to be without value. 

References 

Garman, H.: a bacterial disease of cabbage. Ky. Agr. Exp. Sta. RepL 3 (1900): 
43-46. 1894. 

Pammel, H. L. : Bacteriosis of rutabaga {Bacillus campestris n. sp.). Iowa Agr. Exp. 
Sta. Bui 27: 130-135. 1895. 

Smith, Erwin F. : Pseudomonas campestris (Pammel), the cause of a brown rot in 
cruciferous plants. Centralhl. f. Bakf. u. Par., II Abt. 3: 284-291; 408-415; 
478-489. 1897. 

: The black rot of the cabbage. U. S. Dept Agr., Farmers Bui. 68 : 1-21. 1898. 

Russell, H. L. and Harding, H. A. : A bacterial rot of cabbage and allied plants. 
Wis.Agr.Exp.Sta.Bul.^hil-^^%. 1898. 

Harding, H. A. : Die schwarze Faulnis des Kohls und verwandter Pfianzen, eine in 
Europa weit verbreitete Pflanzenkrankheit. Centralhl, /. Baht u. Par., II Abt. 

6 : 305-313. 1900. 

Smith, Erwin F,: The effect of black rot in turnips. U. S, Dept Agr., Bur. Plant 
Ind. Bui 29: 1-29. 1903. 

Stewart, F. C. and Harding, H. A.: Combating the black rot of cabbage by the 
removal of affected leaves. N. F. {Geneva) Agr. Exp. Sta. Bui 232 : 43-65. 

1903. 

Harding, H. A., Stewart, F. C. and Peucha, M. J.: Vitality of the cabbage black 
rot germ on cabbage seed. AT. F. {Geneva) Agr. Exp. Sta. Bui 281: 177-194. 

1904. 

Brenner, W.: Die Schwarzfaule des Kohls. Ceniralbl f. Bakt u. Par., II Abt. 12: 
725-735. 1904. , . ^ : 


BACTERIAL DISEASES OF PLANTS 


S07 


Smith, Ebwin F.: Black rot of cruciferous plants. In Bacteria in Eelation to I’iant 
Diseases 2: 300-334. 1911. Carnegie Inst, of Washington, 

Dreghsler, Charles: Cotyledon infection of cabbage seedlings by Pseudomonas 
campestris. Phytopath, 275-282. 1919. 

Walker, J. C. and Tisdale, W. B. : Observations on seed transmission of tlui c:i!)})Mg(^ 
black-rot organism. Phytopath. 10: 175-177. 1920. 

Smith, Erwin F.: The black rot of crucifers. In Bacterial Diseases of Plants, ])|). 
145-159. W. B. Saunders Co. 1920. 

Brown, Nellie A. and Harvey, R. B.: Heart rot, rib rot and leaf spot of Chinese 
cabbages. Phytopath, i 81-90. 1920. 

Clayton, E. F.: Investigations of cauliflower diseases on Long Island. A". Y. 

{Geneva) Agr. Exp. Sta. Bui. 606 : 1-15. 1924. 

Walker, J. C.: Cabbage seed treatmeriti?® U. S. Dept. Agr. Cite. 311: 1-4. 1924. 

V^RE BLIGHT 

Bacillm amylovoTus Jfimi.) Tt&v. 

Fire blight is a serious bacterial disease affecting apples, pears, 
quinces and other species related to the pome fruits, while it also affects 
some of the stone fruits as a minor trouble. In its various phases it 
attacks the blossoms, causing a blossom blight; the leaves, by direct 
invasion, producing leaf blight; the young growing twigs, causing their 
death and that of the foliage which they bear, thus producing a charac- 
teristic twig blight; the older branches or the main trunk of the tree, 
producing cankers, body blight, or if the lesions are located at the base of 
the trunk, one type of collar blight or rot; the young or developing fruit, 
causing either fruit spot or fruit blight. Because of the frequency and 
severity of the trouble on the pear, -the disease has been frequently 
spoken of as pear blight, but fire blight seems a more appropriate name, 
since it is suggested by the most common phase of the disease, the twig 
blight, of the various hosts. 

History. — Fire blight is apparently a disease indigenous to North America, where 
it probably occurred on wdld hosts previous to the introduction of the cultivated 
varieties. It was first observed by William Denning about 1780, in the Hudson River 
Highlands, but was not described until 1794, From that time on the disease attracted 
more and more attention as it spread, with the increased cultivation of jiears and 
apples, to the westward and the southward. In the oldest book on fruit culture in 
America, “Cultivation of Tree Fruits, published by William Coxe in 1817, fire blight 
was discussed as an important feature of fruit production. While the disease was at 
first confined to the regions east of the Alleghany Mountains, it worked its way west- 
ward and by 1876 to 1880 it had become very destructive in Illinois and other adjacent 
states of the northern Mississippi VallejL It also spread to the south and completely 
devastated certain pear-growing districts on the gulf coast of Texas. The regions west 
of the Rocky Mountains were free from the disease for a time, but it reached California 
about 1900 and betw^een that date and 1910 had wrought havoc in the pear orchards of 
that state. It spread later into the newer orchard regions of the Pacific Northwest, 
being very severe in the Rogue River Valley of Oregon by 1908, while by 1914-1915 it 
was epiphytotic in the Yakima Valley of central Washington. 
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Despite the severity of the disease and frequent discussions as to its cause and 
means of overeoniiiig it, little progress was made between 1817 and 1878-1880, when 
Burrill dis( 3 Gvered and proved its bacterial origin. It is interesting to note the many 
and varied theories, advanced before BurrilFs discovery, to explain the origin of fire 
blight: (1) electricity or atmospheric influence, since it was especially noticeable after 
a thunderstorm; (2) the action of the sun in moist, hot weather, the '^sim-scald” 
theory; (3) the “frozen-sap theory, which accounted for the disease by the cutting olf 
of the supply of moisture to the branches; (4) old age, or a phenomenon of senility; 
(5) overnourishment of trees by high culture; (6) deficiency of the soil in certain 
essential nadneral matter; (7) insects, for example, the ambrosia beetles; (8) fungi; 
(9) some morbid influence transmitted through the air from tree to tree. 

In 1878, Prof. T. J. Burrill, then Professor of Botany in the University of Illinois, 
first advanced the theoiy that the blight was due to bacteria which he found to be 
constantly present in the blighted tissues. His theory was soon substantiated by 
producing the disease by inoculations of healthy “parts with the juice from diseased 
tissue (1881). His wmrk w^as completely confirmed by more detailed experiments by 
Arthur (1885), Since that time numerous contributions have increased our knowl- 
edge of the disease and a voluminous literature has developed. It is only possible to 
mention a few of the landmarks that are outstanding features of our progress: (1) 
the determination of the dissemination of blossom blight by flies and wasps, by Waite 
(1898), followed by studies by other workers which have shown the part played by 
various insects in the spread of blight; (2) the general adoption of surgical methods 
of control, with the disinfection of instruments and cut surfaces (Waite, Whetzel and 
others) with 1-1000 mercuric chloride or with formalin (Jones, 1909); (3) study of 
cankers and body blight of the apple, and their experimental production by inocula- 
tions (Whetzel, 1909); (4) a special study of holdover blight (Sackett, 1911); (5) the 
determination of the intercellular migration of bacteria in the tissues (Bachmann, 
1913); (6) special investigation of fire blight as a disease of nursery stock (Stewart, 
1913) ; (7) a determination of the part played by fire-blight bacteria in the production 
of collar blight or crown rot (Orton, 1915) ; (8) the recognition of primary leaf invasions 
of the fire-blight bacteria, thus producing a leaf blight independent of infections 
through the twigs (Heald, 1915); (9) the establishment of the inefliciency of the 
mercuric chloride method of disinfection of wounds in cutting-out operations (Ileimer, 
1918); and (10) the realization of the value of blight-resistant stocks and the inaugura- 
tion of systematic work in testing of all known pear varieties for resistance, coupled 
with breeding for resistance. 

Geographic Distribution. — The disease occurs throughout the North American 
continent wherever apples or pears are grown, with the exception of a very few favored 
localities. From its region of origin in the east it spread westward with the increased 
cultivation of its two common hosts until it reached the Pacific Coast. It apparently 
reached Oregon and British Columbia about the same time, but for some reason has 
failed to develop in Washington west of the Cascades. Sufficient time has elapsed 
since its arrival in the coast country for it to have become prevalent in western Wash- 
ington, hence it seems possible that climatic factors are responsible for its absence from 
this section. For a long time fire blight was confined to the North American conti- 
nent. It was first reported in Japan in 1911. In 1917 a bacterial blight of pear 
blossoms was reported from South Africa, but this was shown to be distinct from 
the fire blight of America and the causal organism was described as a new species, 
Bacterium nectarophilum Doidge. The true fire blight reached far-away New Zealand 
in 1919, and spread rapidly throughout, the North Island, being reported as a serious 
disease of apple, pear, quince and medlar, and widespread on hawthorn hedges, 
which are frequently used for windbreaks and fences. A severe epidemic of fire blight 
on pears was reported from Italy in 1924 (Montemartini, 1925). 
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Blight upon pears ha,s been most severe in the warmer and n,K>rc‘ Imniid regifjns of 
the eastern United States, being a limiting factor in the prodinuiori of some of the l>esl- 
commercial varieties, especially before the introduction of control measures, it lias 
lieeii less severe in the northern range of eorninercial pear grov\'ing, especially around 
the Great Lakes or in the vicinity of other large bodies of water. 

Symptoms and Effects. — The blossoms, leaves, twigs, fruit, limbs or 
trunk may be directly affected by localized infections, but it is rare for 
all phases of the disease to be found during the course of a single season in 
the same environment. 

Fire blight may cause a complete blighting of blossoms, or only 
partial blighting may result. Soon after the blossoms open they may 
begin to turn brown and wilt and 
this discoloration soon involves the 
\"oung fruits. The discoloration then 
extends down the pedicels, and the 
adjacent leaves are also involved, 
turn brown, wilt and remain hanging 
as a blighted tuft around the blasted 
group of flowers. The discoloration 
may then advance down the fruit 
spur, resulting in the death of this 
structure. In many of the clusters 
of blighted blossoms minute, pearl- 
like or amber-colored droplets will 
appear on the pedicels. These are 
likely to appear if the atmosphere 
is relatively moist, and they may 
remain as visible indications of the 
malady or they may be dissipated by 
rains. In many cases no further 
progress will be made, but in others, 
especially in susceptible varieties, 
small stem lesions may develop at the base of certain of the blighted 
spurs, while in others the advance is not checked until larger areas or 
entire branches are invaded. In certain seasons blossom blight is the 
principal phase of the disease that is evident, and it may appear in 
epiphytotic form, while in other cases little or no blossom blight may 
be in evidence. 

A direct invasion of leaves may result in leaf blight, which appears 
in quite characteristic fashion.. For many years direct attacks of the 
leaves were denied, but in 1915 they were shown to be common in various 
orchard sections of Washington on both apples and pears. The leaf 
lesions are generally marginal, being either lateral or terminal, but 
occasionally they may be at any point- on the leaf blade. Under field 
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conditions ail gradations of leaf invasions may be observed, from those 
wliieli involve only small marginal areas to others which have advanced 
throughout the extent of the leaf blade. In many of the lesions the 
advance seems to be checked and is never resumed, while in others there 
is a steady advance until the entire leaf blade is killed and the disease 
may then spread down the leaf stalk and later result in the blighting of 
the twig. Marginal leaf lesions are generally roughly triangular, with 
the point of the triangle following either the midrib or one of the main 


Fig. 94. — Apple leaves showing natural leaf invasions by the fire blight bacteria. 


lateral veins. The invaded tissues do not show a uniform coloration, but 
are more or less zonate, from varying shades of brown, always much 
darker in the pear than in the apple. Bacterial exudate of the same 
nature as the “pearls” on the blighted-blossom pedicels may ooze out 
from the leaf lesions on the lower surface or spread out as thin films which 
dry to form shiny flakes. 

Twig blight may result from primary infections in the stem of succulent 
shoots or from leaf infections and the gradual advance of the bacteria into 
the twig bearing the leaves. Frequently the first evidence of twig blight 
in the apple is a faint amber-yeUow or reddish coloration of the tip, which 
begins to wilt and droop, but in the pear the blighting tips are generally 
blackened, even in relatively young infections. The twig blight advances 
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both upward and downward from the original center of infection, , In the 
original invasion of the twig the bacteria may migrate throughout the 
cortex and advance into the petioles of leaves and even reach the basal 
part of the leaf blade, but probably most of the leaves wilt, turn brown 
and dry out before the bacteria have had time to penetrate into the 
mesophyll, since the stem lesions have produced a physiological isolation 
of the leaves to within their limits or distal to them. Viscid drops of 
bacterial exudate may appear on the main axis, petioles or bases of leaf 
blades just as in the blossom blight. The drooping terminal twigs with 
shriveled and curled drooping leaves, either brown, as in the apple and 
most other hosts, or black, as in the pear, which stand out in marked 
contrast to the normal green foliage, 
present a characteristic picture of twig 
blight. It is this resemblance of the 
foliage to that blasted by frost or heat 
that has suggested the name of fire 
blight. In sudden blighting of twigs 
during hot, dry weather, the affected 
foliage may show a much paler color 
than when average conditions prevail. 

The disease may advance down- 
ward through the twig and reach 
other branches, through which it may 
spread, or its progress may be checked 
at any point. The extent to which 
the disease has advanced in a twig 
beyond the appearance of the blighted 
leaves may be determined by the 
watery or discolored appearance of 

the stem cortex. Stem cankers may result from twig invasions, in the 
same way as described for the blighting of fruit spurs, or the disease may 
continue to advance into larger limbs or even into the main body of the 
tree, killing the invaded structures with the progress of the disease. 

While the very young developing fruits may be blasted as a direct 
result of blossom blight, a fruit spot or blight may result from new infec- 
tions on the partially grown fruits. Infection of pears is much more 
common than apples, and in pear orchards infested with fire blight the 
blackened half-grown fruits covered with numerous drops of bacterial 
exudate are a frequent spectacle. Pear fruits are so susceptible to fire 
blight that, if once infected, the disease is not checked until the entire 
fruit has been invaded. This behavior is also true for some of the more 
susceptible apple varieties, but in the more resistant species or when 
infections occur in fruits well advanced in development, ^c ircu lar ,jpr 
slightly irregular lesions inay result, which cease to advance.*\ In these 



Fig. 95. — Typical twig Might of 
Jonathan apple. 
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the invaded tissue shrinks and turns dark brown or almost black, the 
bacteria die out just as in twig infections and the lesion remains as a 
sunken discolored area. 

When the disease invades limbs or main trunks of a susceptible host, 
cankers of limited size may result (blight cankers), or the disease may 
continue to spread slowly or rapidly, according to conditions, throughout 
the entire season, and produce a hodxj or limb blight. The production of 
definite cankers is common in apple varieties and a very high percentage 
of these originate from primary infections in fruit spurs, normal leafy 



Fig. 96. — Fire-blight lesions on green apples. 


twigs or water sprouts. In active cankers the bark is slightly darker than 
normal and appears as if water soaked. It may blister and rupture, and 
characteristic gummy exudate or bacterial ooze may be forced out, 
the amount depending upon the size of the canker and the succulence of the 
the tissues invaded. In large cankers the ooze may be produced in such 
quantity as to run down the side of the tree trunk or limb. When cut 
into, the diseased bark will appear brown and water soaked, in marked 
contrast to the pale green or creamy white of normal bark. The bacteria 
may advance rather uniformly in all directions through the bark or may 
make more rapid extension along a rather narrow pathway. In the apple 
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the niajoi’ity of cankers generally reach theif' maxinium size- ra-ther ea-rly 
in the season and the bacteria, unable to make, further advance, die <)ut 
either from lack of nourishment or because 'of other unfavorable condi- 
tions. When a lesion ceases to spread, the tissue dries out and shrinks 
somewhat and a split or crack appears, separating the old dead tissue 
from the surrounding normal bark. The bacteria may remain alive at 
some point in a few of the well-defined cankers, and resume activity the 
next spring when growth starts and thus cause the extension of the canker. 


Fig. 97. Fire-blight cankers on young active apple branches. 


Such cankers are called holdover cankers, and serve frequently as centers 
from which the disease may be spread to adjacent healthy trees. In the 
pear, especially on susceptible varieties, limited cankers are much less 
frequent, and when limbs or the main trunk are infected, the disease is 
likely to spread until the entire tree is killed, unless its advance is checked 
by surgical methods: 

In active fire-blight lesions it is an easy matter to demonstrate the 
presence of the bacteria by placing a few fragments of the brown, sappy 
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tissue in a drop of water. In a few moments the bacteria begin to swarm, 
out of the affected tissue and. cause a turbidity or milkiness of the water^ 
which is quite evident and characteristic, especially when viewed over a 
black background. In cankers which are old or in which activity has 
ceased, the bacteria have largely disappeared, so that general symptom- 
oiogy must usually be relied upon for diagnosis. The bark of old 
cankers may be invaded by saprophytic fungi; and in many localities 
Cytospora is a common accompaniment, the yellow spore horns or tendrils 
appearing during damp weather. 

When blight lesions develop near the base of the tree trunk close to 
the ground level, the form of the disease known as coUm^ blight results. 
Trees affected by this form of the disease will show an unhealthy appear- 
ance of the foliage, especially on certain limbs. The noticeable features 
are reduced size and number of leaves and more or less pallor or yellowing. 
There is no sudden wilting and browning of the foliage as in twig blight, 
but premature defoliation may result. The examination of trees showing 
this symptomology will show a lesion of some extent at the crown, a 
^ region of dead, discolored and sunken bark. This lesion advances 
rapidly in the early part of the growing season, but generally is arrested 
by midsummer. Activity may be resumed the next season, and the 
lesion may spread until the trunk is girdled at the base, which leads to 
the death of the tree. Under other conditions, the blight may spread 
rapidly upwards through the trunk and into some of the branches, causing 
sudden death before basal girdling has been completed. The diseased 
tissue at the crown appears brown and water soaked, the same as in other 
blight lesions, and a distinct line of demarcation may separate it from the 
normal bark. In old lesions the bark may separate from the sapwood, 
which first becomes brown or later almost black. 

Collar blight may be mistaken for collar rot due to winter injury or 
for some form of fungous root rot. Winter-injury lesions usually show 
on the southwest side of the trunk, are practically full size early in the 
spring and so show no progressive advance during the growing season. 
The water-soaked appearance of the bark so characteristic of collar 
blight is lacking in collar rot due to winter injury. Secondary invasions 
of fungi may result through either collar blight or lesions of collar rot 
produced by severe winter conditions. 

The injury from blight varies with the location, severity or number of 
lesions. As a result of the disease the following injuries may result: (1) 
loss of foliage; (2) blighting of blossoms, and consequently the failure to 
set fruit; (3) spotting or blighting of fruit that has escaped the ravages at 
y blossoming time; (4) the dieback of twigs and branches from twig blight 
or limb cankers which girdle the axis on which they form; (5) lowered 
vitality and poor growth of partially affected branches from body blight 
or collar blight that fails completely to girdle the affected parts; (6) death 
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of entire tree from body blight or from collar blight that girdles the trunk 
near the ground level. The injury may be slight, the crop may be ruineti 
by blossom blight and the tree survive with little other damage or the 
affected tree may be disfigured, crippled and doomed to make a struggle 
for existence or it may succumb outright. 

^ Etiology. — Fire blight in its various phases is an infectious and 

contagious bacterial disease due to the specific pathogene, Bacillus 
amylovorus (Burr.) Trev. Burrill first established the bacterial nature 
of fire blight and named the associated organism Micrococcm arny- 
lovorus (1878-1881) because of the incorrect belief that it was a 
destroyer of starch, but the binomial was changed by Trevisan to the 
one now in general use. Stewart's discovery that the specific name first 
published by Burrill was amylivoi'us/’ and therefore should be used, is 
of no importance, since Dr. Burrill reported that this spelling was a typo- 
graphic error. In the ^ ^ Manual of Determinative Bacteriology ' ' arranged 
by the Committee of the Society of American Bacteriologists, the organ- 
ism appears under the name of Erwinia amylovora. The first cultural 
studies of the organism, using various media, were made by Arthur in 
1887. Inoculations were made with bacterial ooze and wdth pure cul- 
tures, with the production of the characteristic symptoms of the disease, 

^ and numerous workers have attained similar results since that time. 

Previous to 1915 all of the different phases of the disease except leaf 
blight had been recognized, but workers had failed to secure infections 
through the leaves. The writer studied fire blight in Washington in the 
summer of 1915 and found leaf invasions common in pear, apple, and 
quince, and later produced artificial infections through the leaf margins 
by the use of pure broth or bouillon cultures. Leaf infections occurred 
through marginal breaks, insect punctures or through perfectly sound 
leaves. 

B. amylovorus is a short rod form averaging about 0.6 by 1.5/i with 
" maximum size of 0.9/i in diameter and 1.8^ long. The shortest forms 

j (l;w) appear almost spherical or oval, but they are really short cylinders 

with rounded ends. The cells are mostly single, often in twos, and 
; sometimes in threes or short chains, 2-4 flagellate, the Jlagella generally 

i being located at or near the poles, and no endospores are known. The 

organism grows well on the various culture media. (For further details 
i see work of D. H. Jones (1909) and also that of V. B, Stewart (1913).) 

I The blight bacteria are not able to survive the winter in the soil or in 

\ the dead parts of their host. All of the evidence points to the fact that 

holdover cankers are the centers from which blight starts in the spring. 
Bacterial ooze from such cankers may be washed down by rains or 
carried away by insects, and if cankers are active at the time of blossom- 
ing, the blossom blight may result, but if overwintering cankers have not 
begun to ooze at blossoming time> 'the blossom-blight phase of the disease 
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will be omitted. Only a small percentage of the cankers produced will 
persist as holdover cankers capable of yielding living bacteria and 
starting an extension of the lesion in the spring. Sackett found that 
25 per cent of 83 pear cankers examined by him contained living bacteria, 
and these were found in the bark tissue at the border between living and 
dead cells. It is our experience that the percentage of holdover cankers 
is much less in certain seasons, and especially so in most varieties of 
apples. Holdover cankers on any host are a source of danger, as the 
bacteria may be transmitted from one host to another without any loss of 
virulence. The disease may thus be carried from pear to apple, apple to 
pear, or from quinces or hawthorns used for windbreaks or as ornamental 
plantings to any commercial orchard of apples or pears. 

The first authentic evidence as to the dissemination of the fire-blight 
bacteria was contributed by Waite (1898). He showed that flies and 
bees visit oozing cankers and carry away the bacteria on their legs and 
mouth parts, and plant them in the nectar of open blossoms in their visits 
from flower to flower. These bacteria find the nectar an excellent food 
and multiply rapidly in it and finally invade the blossoms through the 
nectaries, thus producing the characteristic blossom blight. Continued 
visits of insects to the inoculated blossoms may still further spread the 
disease, and after centers are established, especially if they are near the 
top of a tree, a large amount of new infection may result from contami- 
nated rain water (50 to 90 per cent, according to Gossard and Walton). 
The bacterial exudate of leaf and twig blight may also be washed down by 
rains and play a part in producing new infections. Other studies have 
shown in more recent years that insects play a very important part in the 
transmission of the blight bacteria and in the production of wounds 
through which they gain entrance into leaves, twigs and branches. Cer- 
tain species of aphids or plant lice, several leaf hoppers, the tarnished 
plant bug and some bark-boring beetles have been shown to be carriers. 
It is only reasonable to believe that almost any sucking insect, or any with 
a bark-burrowing habit, may be a carrier, if sources of bacteria are present 
and the insect is one that feeds upon a susceptible host. Specific data 
are available to show that heavy infestation of an orchard with aphids, 


for example, increases the amount of fire blight in case the disease is 
present. It has also been shown that birds, like the sapsupker, may be 
agents in the transmission of the disease (Waite). Man himself may 
also be the agent by which the disease is carried, since it has been shown 
in numerous cases that the blight bacteria may be carried on the surface 
of pruning tools which come in contact with blight lesions. Cases are 
also on record in which blight lesions appeared in large numbers by infec- 
tions through wounds caused by hail, the mechanical injuries serving as 
the avenues of entrance into which the bacteria were washed by the rains. 
A claim has recently been made that the bacteria of fire blight are also 
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wind-borne (Stevens et ciL), but the evidence submitted does not justify 
such a conclusion. 

Recent work has shown that the bacteria of fire blight may remain 
viable and virulent after being kept 2 months in distilled water and that 
they were able to live in dried exudate for a period of 9 months. The facts 
suggest that possibly holdover cankers are not the only means by which 
the bacteria are carried over from one period of infection to another. 

Pathological Anatomy. — Diseased twigs show a necrosis or death of 
the cells which are apparently plasmolyzed, and contain a thick, brown, 
amorphous content. The blight bacteria are present in great numbers 
in the intercellular spaces and occasionally penetrate into the parenchyma 
cells or break into the vascular elements. In twigs they are most abund- 
ant in the cortical parenchyma, but they may also invade the cambium. 
The principal migration of the bacteria is through the intercellular spaces 
of parenchyma tissue and in active lesions they may be found somewhat 
in advance of the discolored tissue. The enormous development of 
bacteria in the intercellular spaces may cause a separation of cells and the 
formation of pockets filled with bacteria embedded in the sticky material 
resulting from the decomposition of the host tissue and the products of 
bacterial activity. During periods of pronounced activity of the bacteria, 
ruptures or fissures are formed which reach the surface and the bacterial 
exudate is forced out, as described under Symptoms. It does not seem 
to be quite clear what part is played by enzymes, osmotic pressure, 
surface tensions and mass mechanical action in separating the cells and 
in producing the ruptures which permit the bacterial ooze to reach the 
surface. It would seem reasonable that the growth forces of bacterial 
multiplication would be sufiicient to cause such ruptures after the 
invaded tissues have been killed. In parenchyma tissue the bacteria 
migrate very largely in the intercellular spaces and do not generally 
invade the cells or penetrate the cell walls except in tissues already killed. 
They may break into vascular elements in young twigs near the tip or 
into the vessels of leaf veins and migrate more rapidly in the vascular 
elements than in the surrounding parenchyma tissue. 

Predisposing Factors. — It may be stated as a general principle that 
any conditions which favor a more succulent and rapid type of growth 
render a host more susceptible to the ravages of fire blight. Under such 
conditions infections are more likely to occur and the advance or spread 
of the lesions will be more rapid and will continue longer without being 
checked. This is in accord with the recognized fact that the young 
growing tissues in the first part of the growing season are more susceptible 
than the older tissues which have ceased activity and assumed their 
mature condition. The prevalence of blight is influenced by weather 
conditions, cultivation practices, the use of irrigation water and the 
application of fertilizers. Prolonged hot and dry weather is unfavorable 
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for blight, retarding dissemination and increasing resistance of the tissne 
while abundant rainfall followed by warm, cloudy weather is favorable’ 
since dissemination is more hkely, while the tissues become gorged with 
cell sap and are more easily invaded. Blossom blight will not occur 
unless there are active blight centers producing exudate which can be 
disseminated when the blossoms are in the susceptible state Pears 
especially in the Pacific Northwest, generally escape blossom blight 
because they generally come into flower before holdover cankers have 
become active but exudate is being produced in time to start an epidemic 
0. blossom blight m apples. Clean cultivation promotes fire blight 
argely through stimulation of growth and the production of succulent 
tissues, in contrast to orchards in sod or some cover crop. Fire blieht is 
hkely to be severe in irrigated orchards, since the use of irrigation water 
s frequently excessive and promotes a more rapid growth than occurs in 
many non-irrigated localities. Fertile soils supphed with abundant 
moisture favor fire blight in contrast to poorer soils which lead to a slower 
and less succulent type of growth. Stewart (1921) demonstrated that 
twig bhght IS increased in severity by heavy applications of stable manure 

1;°^ f"* fertilizers, and Orton (1915) makes a similar 

claim for the collar-blight type of the disease. 

Host Relations.-Fhe blight has been of first importance as a disease 
troublT^’ many varieties of which are exceedingly susceptible to the 
trouble. It IS of next importance in the apple orchard. While it occurs 

sometimes upon apricots, plums, prunes and cherries, it is a disease of 
minor importance on these hosts. The principal phase of the disease on 

nursery stock or young trees. A fruit 
bhght of cherries in the Yakima VaUey was shown to be due to the blight 
organisni (Hotson,_i9l5). The quince is very susceptible to fire blight 
and while of httle importance as a fruit it frequently serves as the pro’ 

ofTpL. nr ^ commercial plantfngs 

of jples or pears. As ornamental shrubs or trees, quinces are frequentfv 

b£ht af allowed to produce holdover cankers, unmolested^ Fire 
bhght also occurs on the loquat (Eriobotrya) in Florida, Georgia Texas 
and California and has recently been reported (1921) as affectine 

otner wild or cultivated species, as wild crabs (A/alws) hawthorn. 
(Cratcegus spp ), service berry (Amelanchier canadensis), the red-berried 

inToX heS. ^ hawthorn which is used in ornamental plant- 
Tm-wmL wrj 7^.r«®Pi^ble, and during the blight epidemic of 
Thp rn+i. alimgton it was frequently found to be severely affected 

Shil 7^ hedges for windbreaks around 

chards m New Zealand has senously compheated the control of fire 
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blight, in that cGiintryj since they served as a harbor for holdover blight 
to be carried into adjacent fruit trees. ■ 

Practically all of our cultivated pears and apples are very susceptible 
to blight when growing in the nursery under conditions favorable for the 
development and dissemination of the malady. Opinions vary some- 
what, however, as to the susceptibility of the different varieties under 
orchard conditions. Of pears the Bartlett, Howell and Flemish Beauty 
are generally reported to blight severely and rapidly, w^hile the Kiefer, 
Seckel and Winter Nelis are more resistant. | Blight is sometimes checked 
in grafted trees when the disease in the susceptible scion reaches the more 
resistant stock. The search for resistant pear stocks suitable for com- 
mercial use has recently occupied the attention of agricultural investi- 
gators. Certain Asiatic species and especially Pyrus calleryana and 
certain forms of P. ussuriensis^ brought from China by F. C. Reimer, are 
of especial promise. The need for a resistant or immune stock is espe- 
cially urgent to prevent the serious losses from body and collar blight. 

There is a general agreement that the Transcendent crab and the 
Esopus Spitzenberg are extremely susceptible. It is not uncommon to 
find the Transcendent crab very heavily blighted, while surrounding 
trees of other varieties are only slightly affected. From such very sus- 
ceptible trees the disease may spread later to the more resistant varieties 
if conditions continue favorable for its development. In many localities 
Spitz trees are being discarded because of their extreme susceptibility to 
blight. Reports on the resistance or susceptibility of various other apple 
varieties vary so much for the different localities that their behavior 
cannot be predicted with certainty. 

Preventive or Control Measures.— Ever since fire blight has been 
known, unscientific and unreliable methods for its cure or control have 
been proposed from time to time. Even in recent years unsubstantiated 
claims have been made of the effectiveness of internal dosage or of external 
applications — patent nostrums or blight specifics. These remedies have 
been put on the market either by unscrupulous manufacturers or by 
well-meaning but misguided enthusiasts. Suffice it to say that none have 
stood the test of science and practice. When fire blight once becomes 
established in a region, eradication is out of the question, and its severity 
may be expected to vary from season to season, sometimes smouldering, 
sometimes bursting out into epiphytotic form. The palliative or control 
practices which are available fall mainly into five categories: (1) modifi- 
cation of the susceptibility of the host; (2) control or elimination of 
insect carriers; (3) the avoidance of very susceptible hosts as windbreaks 
or for ornamental plantings in the vicinity of orchards; (4) tree surgery; 
(5) the use of resistant or immune varieties or stocks. 

1. Attention should be given to planting and to cultural and irrigation 
practices and an attempt should be made to produce a normal growth 



320 , MANUAL OF PLANT DISEASES 

with no excessive stimulation and overrapid growth. Trees which have 
made a moderate but firm, thrifty growth will be in better condition to 
withstand blight when it does strike. In case the disease appears in 
severe form or becomes epiphytotic it will be advisable either to dis- 
continue or to modify those practices which promote the formation of 
rapid-growing; succulent shoots. These practices must be varied to 
meet the needs of different environments — sometimes the use of less 
irrigation water or the cessation of cultivation, the development of a 
weed cover or of a seeded cover crop to utilize the surplus moisture, the 
avoidance of barnyard manure or other nitrogenous fertilizers, the 
avoidance of heavy or excessive pruning, or permitting the trees to produce 
a heavy crop with only moderate thinning. Pruning trees so as to produce 
an open or vase type of growth, with as great freedom as possible from 
water sprouts and fruit spurs near the main trunk or on the large branches, 
will lessen the danger of body blight or collar blight. 

2. The recognized importance of certain insects in the transmission 
of blight certainly dictates that known carriers should be checked in their 
development in so far as possible. Merrill (1915) has cited a striking 
illustration in the case of aphid control: Jonathan trees sprayed with 
Black-Leaf 40 were practically free from blight, while adjacent unsprayed 
trees were very seriously infected. Selby (1915) has emphasized the 
importance of using contact insecticides, stomach poisons and repellant 
sprays and barriers to give the best possible control of the insect carriers, 
such as 

, . . plant lice, red bugs, the tarnished plant bug, bees at blossoming time (?), 
bark beetles, burrowing into twigs, and probabb^ many others which bite the 
leaves or buds, suck the sap from the twigs, make incisions into the bark to lay 
their eggs or creep into the crevices and wounds for feeding and shelter. 

3. In New Zealand the experience with hawthorn hedges and wind- 
breaks has shown the folly of using a very susceptible host for such a 
purpose in the planting and planning of commercial orchards. The 
most remote corner of the world may be reached by fire blight sooner or 
later, so the menace of susceptible hosts as possible bearers of holdover 
cankers should always be kept in mind. The neglected orchard must 
also be recognized as a menace. 

4. The surgical treatment for blight should begin during the period 
of winter pruning. Careful inspection should be made and all cankers, 
especially those on the trunk or larger limbs should be cut out in order to 
lessen the number of holdover cankers. If all blight lesions could be cut 
out, the disease could be eradicated, but the most careful examination 
fails to locate every case. Early spring examinations, if made carefully 
and frequently, should reveal cankers that have been overlooked and these 
may be removed before exudate has been formed or before much oppor- 
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timity lias been offered .for dissemination. Small branches beariiig 
lesions should be removed by a cut 'several inches (4 to 6) below the 
external evidence of diseased tissue. In ease of cankers on large limbs or 
trunk, the diseased tissue should be completely removed, and the cut 
extended well into the adjacent healthy bark. None of the diseased 
primings and material excised from cankers should be allowed to lie 
around in the orchard, but should be collected and destroyed at once. 
In cutting out blight, the cutting instruments and the cut surfaces should 
be carefully sterilized. Where the surgical method was first put into 
operation, mercuric chloride or corrosive sublimate, 1 to 1000, was adopted 
as the standard sterilizing agent and for many years its effectiveness 
was not questioned. Recently, Reimer has shown that it is ineffective 
for sterilizing cut surfaces, since the mercury combines with the organic 
substances from the cut tissue to form albuminate of mercury, an inert 
compound. It is, however, effective in sterilizing steel instruments. 
Mercuric cyanide has been found effective on cut surfaces but not on steel 
insti'uments, so a combination of the two is now being recommended: 
1 ounce of each to 4 gallons of water. After disinfection, the exposed 
surfaces made in cutting out lesions or pruning large limbs should be pro- 
tected by a coating of either Bordeaux paint or asphalt paint. This 
coating should be renewed from time to time so as to keep the wounds 
thoroughly protected. In cases of trunk cankers or collar blight with 
lesions that extend over halfway around, surgical treatment will be of 
doubtful value unless bridge grafting is resorted to. 

More recently (Day, 1924) a modification of Reimer^s formula has 
been proposed as folio ws : 

1 ounce 

1 ounce 

3 parts \ g ^ gallons 
1 part J 

This has been shown to be more effective than the old formula consisting 
of the mercuric chloride and corrosive sublimate alone. The glycerine 
increases the penetration of the disinfectant and delays drying so that 
the chemicals remain active for a longer time. The addition ofjuc^g^^ 
red or other water-soluble aniline stain has been 
color to the treated surfaces so that the operator c^hction of organs, 
cut surfaces have been covered. umbers. Because of 

The scarification method is recommended 
ment of infections on the trunk or large limbs, bu^g^p^ various other 
out before the blight has penetrated too^ 

dead outer bark is shaved down with a knife disease, while hairy 

of the diseased tissue is removed. Special attj^p phases of exces- 
1 Cardinal, H. A. : Science 60 ; 455. 1924. i 


Mercuric chloride 
Mercuric cyanide, 
Glycerine. . . . ... . 

Water. . . ....... 
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the crotches, and the thick bark there and elsewhere should be cut away 
nearly to the cambium, but not too deep, as the cambium may be injured 
by the penetration of the disinfectant. No surface bark should be left 
anywhere in the scarified area and the cutting should extend 4 or 5 inches 
beyond the advancing edges of the canker. As soon as scarification is 
completed the entire cut surface is painted with the mercury-glycerine 
disinfectant. It is reported that careful workmen in California secure 
control in 80 to 95 per cent of the cankers treated by this method. All 
hopelessly diseased trees should be cut out and destroyed at once, as they 
are a constant menace to the other healthy trees. In treating collar blight 
the soil should be removed from around the crown and all diseased tissue 
cut out, using the same method of sterilization as for other locations. 
Allow the wounds to dry thoroughly and then coat with asphaltum paint 
or lead paint (preferably the latter according to Orton), and after this 
has dried carefully replace the soil around the collar. 

The need of practicing summer cutting of blight will vary with the 
locality and with the varieties of fruits involved. In the majority of 
cases summer cutting in apple orchards is not necessary if careful attention 
is given to the removal of all holdover cankers during the winter or early 
spring. In the case of pears, especially the more susceptible varieties, 
summer cutting out of blight may be necessary to hold the disease in 
check. 

5. The selection of resistant varieties offers some relief, but unfortu- 
nately many of the most valuable commercial fruits are highly susceptible, 
especially pears. The hope for a solution of the problem for pear growers 
lies in the discarding of the susceptible French seedling stocks which have 
been generally used, and substituting the most valuable resistant stock. 
Of all that are available, certain strains of Pyrus imiiriensis and P. 
calleryana offer the most promise. 
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V^ROWW GALL AND HAIRY ROOT 

Pseudomo'nas tumef<icie7is {S. & T.yDnggabX 

This disease manifests itself on various woody or herbaceous plants 
by the formation of tumor-like enlargements at the crown or on other 
parts, or by an excessive production of organs (roots, shoots). In both 
cases the abnormal development is an uncontrolled hyperplasia, resulting 
in tumors or galls of varying size and form or in the production of organs, 
frequently out of normal position and in excessive numbers. Because of 
the frequent location of the galls on the stem or trunk at or near the 
ground level the disease has been known as crown gall, but various other 
names, such as crowm knot, root knot, root tumors, cane galls and black 
knot, have been appliedrio tEe tumor pTSseroTthe disease, while hairy 
root, woolly root and wooUy knot are names applied to the phases of exces- 
sive root production. 
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History. — Typical crown gall of various plants has been known for more than half 
a century. Early French and German writers ascribed the trouble to frosts or to 
mechanical injuries. This disease has been recognized by nurserymen in the United 
States for many years, and has been the subject of much discussion and study since 
1890. It has been suggested that the disease was introduced into this country with 
European irnportations since Wurzelkropf ” of apples and pears, which is apparently 
identical with crown gall, was described by Sorauer as occurring in Germany in 1886 
iirid earlier. Owing to its wide distribution in the United States, crown gall has been a 
frequent subject for investigation by Experiment Station and Federal workers, and 
as a result a voluminous literature has developed. Between 1890 and 1900 varying 
opinions were prevalent in the United States concerning the nature of crown gall, 
some workers pointing to its probable infectious character, while others decided '‘that 
these root galls are not the work of a parasite, but are a malformation following some 
injury of the root or some uncongenial condition in soil or treatment'’ (Bailey, 1896). 
Cavara in Italy (1897) was the first to prove the bacterial nature of the disease on the 
grape, but his work, as well as that of several other writers of southern Europe, was 
either overlooked or discredited. In 1900, Tourney published an “inquiry into the 
cause and nature of crown gall,” in which he demonstrated the infectious nature of the 
disease and arrived at the conclusion that the causal organism was a new species of 
slime mold to which he gave the name of Dendrophagus globosus. The writer recog- 
nized the incompleteness of his work and the uncertainty of his conclusions, but no 
positive proof of his error was forthcoming until Smith and Townsend of the Bureau of 
Plant Industry (1904—1906) isolated a bacterial pathogene from galls of the Paris 
daisy, Chrysanthemum frutescens, and ’were able to produce galls readily by inocula- 
tions with pure cultures. They gave the name of Bacterium twmefaciens to this organ- 
ism, which has since proved to be the cause of the various hyperplastic responses 
characteristic of this disease on various hosts. It seems probable that Hedgecock 
isolated the same organism from grapes in 1903 and again in 1904, since he records 
successful puncture inoculations from an organism producing a white colony. 

The hairy-root phase of the disease was first brought to our attention by Stewart, 
Bolfs and Hall in 1900 by their description of the simple form on apple seedlings. This 
and three other forms of hairy root have since been recognized by Hedgecock (1908- 
1910). What is apparently identical with the aerial .form of hairy root has been 
described as “Kropfmaser” by Sorauer (1886) and Frank (1896) and more recently by 
other European workers. 

Since the publication of the comprehensive bulletin by Smith, Brown and Town- 
send (1911), Smith has published numerous papers showing the relation of crown gall 
to human cancer. C. O. Smith working in California has contributed valuable data 
(1912) concerning the symptoms and effects of the disease on many different hosts. 
Recent work by Hiker (1923) and by Robinson and Walkden (1923) are worthy of 
note since the conclusions are not in accord with the earlier observations of E. F. 
"Smith. ■ ■ 

Since the determination of the nature of crown gall, workers have been direcitiiig 
their efforts again to find effective control measures and also to find out the degree of 
injury caused by the disease in the orchard. In this connection mention may be made 
of the work of Ness in Texas (1917) and of Melhus and Maney in Iowa (1921) on 
control; of Swingle and Morris in Montana (1918) and of Green and Melhus in Iowa 
(1919) on extent of orchard injury. The papers and resolutions resulting from the 
crown-gall symposium held at Cincinnati, Dec. 28 to Jan. 1, 1923-1924, have been 
printed and distributed by the American Association of Nurserymen (February, 1924) 
and give valuable data on the amount of injury from the disease. 

Geographic Distribution. — Crown gall on various hosts is now known in practically 
all parts of the world, but, in general, it reaches its greatest severity in the regions of 
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high temperatures, as may be illustrated by the fact that it is more abuncljint in 
southern states from Virginia to Texas than in the more northern states, although it is 
not uncommon in Canada. In some of-the more northern localities the disease^ se<*rnH 
to be especially severe on certain hosts — ^for example, on bhickberries in the Pugth} 
Sound country and on raspberries in Wisconsin. Recent investigations iia,ve shown 
the marked influence of soil temperature and moisture in the development of the 
disease, so it may be that abundant moisture in certain cases will more than coiniter- 
balance the retarding influence of moderate temperatures. Although crown gall has 
been known in Europe for many years and has been reported from Asia, South Africa, 
New Zealand and South America, most of our knowledge concerning the disease has 
come from American workers. 


Symptoms. — Two general types of abnormal grott^th are characteristic 
of the disease: (1) typical overgrowths or tumors, tme galls j of varying 


Fig. 98. — Crown gall on young apple trees. 


form and size, located on the crowns, roots, stems or leaves; (2) excessive 
or abnormal development of organs either with or without an accompany- 
ing tumefaction, resulting in the various types of hairy root, witches' 
brooms or proliferating tumefactions. The true galls on fruit trees are so 
commonly found at the base of the trunk just below the ground level, on 
the part called the crown, that the common name “crown gall” was 
suggested, and this name is frequently applied to the tumors found on 
other parts of the host. These galls may be irregular globular or elon- 
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gated in form with more or less convoluted surface^ the size v 
what with the size and vigor of the structure from which th 
sometimes exceeding this six to ten times in diameter. Ii 
they vary from that of a pea to gigantic overgrowths weight 
pounds, although this maxmium size is rather uncommon, 
of young galls is almost white at first, but this later changes 
of sui rounding normal parts and may even become darker fro 
or weathering of the surface cells. Some of the tumors are 
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aerial parts as well as at the crown or on the roots. Cane galls ma,y occur 
on the grape, often up to 3 to 5 feet above the ground, in the form of 
isolated or confluent excrescences that are often more or less 'elongated 
parallel to the length of the cane. These are at first like wound tissue or 
callus in appearance, but later in the season become dark brown or 
almost black due to weathering and decay of the outer tissues, axid in this 
condition suggest the common name of ''black knot,'' which is freciuently 
applied to this phase of the disease on the grape. Cane galls are common 


Fig. 100. — Blackberry canes showing different degrees of injury from cane galls. 


on the blackberry, especially in the Puget Sound country. These are 
generally in the form of very much elongated, more or less convoluted 
excrescences frequently involving the entire circumference of the cane 
and result in longitudinal splitting and cracking. 

In the hairy-root phases of the disease there is an increased and 
abnormal production of roots or of incipient roots, the following forms 
being recognized; (1) simple hairy roof^ characterized by numerous small 
wiry roots growing singly or in tufts from the main root or from the base 
of the stem; (2) the woolly-knot form, initiated by the formation of a 
tumor, which soon produces many fine roots from its surface, with intri- 
cate branching and frequently with fasciation; (3) the broom-root type, 
consisting of a broom-like grouping of fine roots, usually at the end of a 
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side root; (4) the aerial form, appearing first on trunk and limbs as smooth 
fleshy swellings developing incipient adventitious rootvS internally, which, 
with progress of the disease, break through the bark and produce warty 
knots. Under normal conditions these roots make no further develop- 
ment, but cuttings containing the earlier stages of the disease will produce 
normal roots if supplied with suitable moisture conditions^ 

Recent observations and investigations (E. F. Smith) have shown that 
aerial tumors may give rise to leafy shoots or flower buds as well as roots, 
the type of development depending upon the kind of tissues infected. 

Various types of these artificial terato- 
mas are figured by Smith ('Intro- 
duction to Bacterial Diseases (O oa 
cauliflower, castor-oil beans, tobacco, 
Pelargonium and oranges. For ex- 
ample, an infection on the cut end 
of an internode of a tobacco stem 
produced 100 closely bunched, leafy 
shoots. Artificial infections of vari- 
ous hosts have also resulted in the 
formation of typical fasciations, and 
the same writer has recorded a 
typical rosette or witches^-broom 
development of the carnation which 
was proved to be due to the crown- 
gall organism. The extent to which 
fasciations and similar abnormal 
developments which occur in nature 
may be manifestations of the crown- 
gall disease is uncertain, but the 
experimental results have shown that the crown-gall organism is at least 
one of the possible causal factors. 

In this disease, therefore, we may have all varieties of stimulating secondary 
effects on normal tissue from prolapsis of uninjured leaf and flower buds and 
root anlage located in the vicinity of tumors, through simple fusions or divisions 
(fasciations), to the breaking up of the dormant bud, or of a cambium into dozens 
and even hundreds of small vegetative fragments which may either grow as 
roots or shoots on the surface of a tumor or be buried in its depths (E. F. Smith). 

Economic Importance. — Crown gall manifests itself in such a variety 
of ways on so many different hosts that it is impossible to generalize as to 

1 Attention has recently been called to the fact that many of the structures on 
apples and other species described as aerial hairy root are really burr knots, or normal 
root developments peculiar to certain varieties, rather than diseased conditions due to 
the crown-gall bacteria. Swingle, C. P.: Burr knot of apple trees. Its relation to 
crown gall and to vegetative propagation. Jour, Hered. 16: 313-320. 1925, 
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the kind and extent of injury which may result. The amount of injury, 
varies with the host, its age at time of infection, location of the tumors, 
number of infections and the type of host response. In the various cases 
the following effects have been recorded: retarded growth and dwarf 
development with undersized, chlorotic foliage; the killing of branches, 
canes or roots from the presence of localized cancerous lesions; and more 
rarely the death of the entire plant. In fruit trees the infections of young 
stock are more likely to cause injury than infections on older trees. The 
various writers agree that crown gall is a serious and destructive disease 
of almonds, peaches, plums, grapes, blackberries and raspberries, and is 
directly or indirectly responsible for the unprofitable condition of plant- 
ings in various sections of the country. The lesions on the crown or roots 
are sometimes avenues of entrance of rot-producing fungi which cause 
destructive decay. The reports of different workers on the injury to 
apple orchards from crown gall are somewhat conflicting. Hedgecock 
noted practically no difference between healthy and diseased trees 6 
years after planting. Swingle and Morris (1918) report observations on 
affected trees in the orchard through a period of 7 years and conclude that 
affected trees are generally poorer than those unaffected, the disease 
causing dwarfing of top and especially of the root system, with interference 
with food conduction and mechanical weakening of the crown and roots. 
According to their evidence, ^Tt would be better for an orchardist to pay 
the regular price of healthy stock than to plant crown-galled stock if he 
could get it free.” According to Greene and Melhus (1919), galled trees 
grow more slowly than normal ones, with reduction in trunk diameter and 
in number, length, thickness and weight of twigs. In this connection it 
is significant to Imow that the rate of flow of water through galled apple 
stems is reduced by 30 per cent over that of normal stems (Melhus et al.^ 
1924). In general, hairy root seems to be of less consequence than the 
typical tumors* 

The losses are not confined to the orchard, since there is frequently a 
heavy infection of nursery stock at the time it is dug for delivery. The 
present practices in nursery inspection call for the rejection and destruc- 
tion of all stock showing any evidences of the disease, regardless of the 
species or variety involved. Nursery losses up to 70 per cent have been 
recorded. Recent work, however (Eiker and Keitt, 1.925), has led to the 
conclusion that a large per cent of the malformations called crown gall or 
hairy root are merely the results of excess callus formations. 

Etiology. — Crown gall in its various phases is due to a specific bacterial 
pathogene, Pseudomonas, tumefaciens (S. and T.) Duggar. The causal 
organism was first isolated from the galls on the Paris daisy by Smith 
and Townsend (1904-1906) and described, as Bacterium tumefaciens^ while 
according to the clawssification of The Society of American Bacteriologists 
it appears as Phytomonas tumefaciens. The pathogenicity of the organ- 
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ism was demonstrated by numerous successful inoculations. The para- 
site has since been repeatedly isolated from other hosts by various workers 
and many inoculations have given abundant proof that this single organ- 
ism is causally related to the various phases of the disease as described 
under Symptoms. Using strains from the daisy and hop, E. F. Smith 
records the production of galls on 40 kinds of plants belonging to 18 fami- 
lies. C. 0. Smith using a strain isolated from the peach made successful 
inoculations on 30 or more species and varieties of fruit, nut and shade 
trees. 

Many of the early attempts to obtain the crown-gall organism from 
the interior of young galls by poured plates were attended with failure. 
This was due, according to Smith, to the fact that the tissues of the galls 
frequently contain a variety of saprophytes which develop rapidly on 
agar and also because the true parasite comes up slowly, requiring from 
3 to 6 or more days, and is found only in the youngest portions of the 
hyperplastic enlargements (Smith). This location of the organisms is 
disputed by more recent investigations (Robinson and Walkden, 1923). 

The various saprophytes present in crown-galk tissue produce rapid- 
growing, yellow or white colonies, but the crown-gall organisms produce 
small, slow-growing colonies, circular, raised and glistening-translucent. 
Any w-hite colonies if opaque, branched, or surrounded by a narrow clear 
zone are likely to be saprophytic forms. The organism is a small rod, 
0.6 to 1 by 1.2 to 5 m in the plant tissue and 0.7 to 0.8 by 2.5 to 3 m in agar, 
occurs singly and in pairs and is motile by one to three polar flagella. 
According to Smith, ^^it passes over easily into club-shaped, Y-shaped, 
and variously branched involution forms which often are dying or dead, 
f.e., will not grow on agar poured plates, or come up slowly.^' 

The crown-gall bacteria are very widely distributed organisms and 
are apparently native in many soils, where they may lead an independent 
life or persist in old galls. They appear unable to enter normal, unin- 
jured tissue, but can readily establish themselves through mechanical 
injuries of many types, such as pruning and grafting wounds, insect 
injuries, etc. The presence of the bacteria does not kill the affected 
tissue but stimulates the cells and thus causes an abnormal and rapid cell 
division, leading to tumor formation or an abnormal development of 
organs. The period of incubation before the appearance of an evident 
gall varies from 5 days to several weeks on the various hosts and in some 
cases the organism may remain dormant for months before any evidence 
of an infection can be noted. there is no growth of the host there is 
little or no development of the gall. Inoculation late in the fall often 
will not develop until active growth the following spring'^ (C. 0. Smith). 

In the early work of E. F. Smith, bacteria in small numbers were 
figured in the cytoplasm of the tumor cells, but more recently he has 
stated that these bodies which were demonstrated by staining with gold 
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'ciiloride are not bacteria but normal cell constituents known as nn'fo- 
Lhondria, Recent investiga.tions by Riker and by Robinson and Waikden 
show that the causal bacteria are not intracellular^ as was at first sup- 
posed, but occupy the intercellular spaces and are present in larger 
numbers than was formerly believed. Robinson and Waikden (1923) 
have also demonstrated that the bacteria are 

... at first located on the wounded surface, and to some extent also in the 
vessels, and in the intercellular spaces of the cortex near to this. The later 
development of the gall is, for the most part, due to the active presence and 
multiplication of R. twmefadena on the rough external surface of the galL 

Riker reports that artificial galls on the tomato varied in size with the 
extent of the water-soaked areas induced by the needle punctures, and 
that when continuous channel of liquid was provided in the tomato 
stem either by mechanical pressure or by freezing, the bacteria xnigrated 
and produced galls several centimeters from the point of inoculation.^' 
This behavior of the crown-gall bacteria will probably explain the obser- 
vations of Hedgecock that heavily pruned grape vines which suffer from 
spring frosts are often severely affected with crown gall. 

E. F. Smith's comparison of the crown-gall disease of plants to the 
malignant tumors in man has resulted in the application of the name 
plant cancer" to crown-gall hypertrophies. This idea has been based 
largely on the experimental production of secondary tumors and of 
teratomas, or crown galls bearing leafy shoots having no relation to pre- 
formed buds. The earlier view represented the secondary tumors that 
appear removed from a primary infection as arising from tumor strands 
due to an intrusive growth or infiltration of tumor tissue into the normal 
or healthy tissue, while a later study has led Smith to the conclusion that 
most if not all tumor strands originate by the subdivision of normal 
parenchyma cells and are stimulated by the bacteria either within the 
cells or acting at a distance. The comparison with malignant tumors is 
further supported by the report that secondary tumors reproduce the 
structure of the tissues in which the primary tumor has developed, even 
when they appear in other organs." Robinson and Waikden (1923) have 
demonstrated zoogloeal strands 

. . . intruding along intercellular spaces and protoxylem vessels, forming 
centers for pathological disturbance and gall production along the tract. This 
migration of the causal bacteria in experimentally inoculated shoots of Nicotiana 
affiniSj in which little growth extension was possible, fully accounted for the 
secondary galls obtained . . . There is no invasive growth of tumor tissue 
over any considerable distance. The intrusive growth of the bacteria in the 
intercellular spaces and in protozylem Vessels, together with the growth extension 
of inoculated tissues, fully accounts for the strands of tumor tissue connecting the 
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secondary galls with those arising at the points of inoculation. If these observa- 
tions hold they invalidate most of the close comparisons between crown gall 
and- cancer.. 

Very similar conclusions have been presented by Riker (1923): 
evidence has been found that 'secondary tumors’ and 'tumor strands’ 
invade the normal tissues. They appear to be part of the 'primary gall’ 
which w^'as carried up by the elongation of the invaded region.” 

The presence of the bacteria on the surface of developing galls will 
explain a number of features: (1) the difficulty of isolating the causal 
organism from the interior of galls; (2) the continued meristematie activ- 
ity of the tissues close to the surface; (3) the ease with which soil may 
become contaminated, since water must wash many of the surface organ- 
isms into the soil. The bacteria may reach wounds directly from contam- 
inated soil in many ways: by irrigation waters or splashing and washing 
from rains, by contaminated pruning tools, by insect carriers or possibly 
by wind-borne soil. The entrance through grafting wounds will explain 
the frequent position of large tumors at the crown of the apple and other 
fruit trees. The development of crown gall is influenced by the tempera- 
ture, soil moisture and soil composition. Size of tomato galls increased 
up to 22°C. and then decreased, being much inhibited in growth at 30° 
or above. The size was also increased in soil with water content up to 
60 per cent of the water-holding capacity. 

Host Relations.— Crown gall has been found to occur naturally on the 
pome fruits, all of the stone fruits, various species of I^ubus (blackberries, 
raspberries and loganberries), currants and gooseberries, grape varieties, 
nut trees, such as walnuts, pecans and almonds, numerous woody and 
herbaceous ornamentals, several deciduous-leaved trees, alfalfa, cotton, 
beet, turnip, salsify, parsnip and hop. In addition to the natural infec- 
tion, many herbaceous and woody hosts have been successfully infected 
with pure cultures by E. F. Smith, C. 0. Smith and others. Inoculations 
made by C. 0. Smith on the following gave negative results: "loquat; 
silk oak (Grevilliea robusta); German prune; Pri^fius ilicifoUa (wild hill 
cherry); Anona cherimoUa; avocado; olive.” Natural infections and 
artificial inoculations have shown a wide range of susceptibility among the 
different species and in some cases in the different varieties of the same 
species. Observations and experimental tests have failed to demonstrate 
any appreciable increase in resistance of a host as a result of repeated infec- 
tions. In a comparative study of 45 varieties of Prunus by C. 0. Smith 
(1917) the per cent of infection ranged from 0 to 100. P. pumila, P, 
ilicifoUa and P. caroUniana remained free from infections. Some of the 
more resistant varieties were: Italian prune {Prunus domestica)^ 7 per 
cent; German prune, 10 per cent; Damson (P. insititia)^ 10 per cent; as 
contrasted with Elberta peach, 94 per cent; Royal apricot, 97 per cent. 
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^^Oiir most popular stocks, as Myrobalan/ peach, apricot a..iid almond, are 
very susceptible, which only goes to confirm field observations that the 
stock used for the stone fruits is very susceptible to crown gaild' The 
cherry seems to be more resistant than other stone fruits, the Mazzard 
root showing more resistance than the Mahaleb. English walnut roots 
are much more susceptible than those of the California black ivalnut 
(Juglans calif ornica) which is now used as a root stock. The aerial form, 
called black knot, is very common on quinces in the southern states, 
California and the Pacific Northw^est, but it does not seem to cause 
serious injury to this host. Grape varieties showing resistance are: 
Concord, Catawba, Delaware and other American varieties, while the 
European varieties, such as Muscat, Mission, Malaga and Flame Tokay, 
are more susceptible. Nurserymen report Ben Davis, Early Harvest, 
Yellow Transparent, Wealthy, Grimes, Northern Spy, Oldenburg, Wolf 
River, Red June, Gano and Rome Beauty apples as susceptible, but com- 
parisons show variation in resistance of the same varieties from different 
regions. Greene and Melhus report the Wealthy much more susceptible 
than the Jonathan. 

Prevention and Control. — This is complicated by the large number of 
susceptible hosts grown under a great variety of conditions, by the 
possibility of cross-inoculation from the various hosts, by the widespread 
occurrence of the causal organism in the soil and by the abundance of the 
disease in nursery stock. The practices may be discussed under the 
following: 

1. The Use of Disease-free aS^oc&.— This is provided for in part by 
nursery inspection, but the grower should always carefully examine young 
stock before setting in the orchard and discard any that show^s evidences 
of the disease. In replanting small fruits, like raspberries or black- 
berries, plantations showing the disease should be avoided as a source 
of stock. It is also recommended that trees should be examined in 
the orchard at the end of the first year and either removed or treated if 
found infected. 

2. Dipping of Planting Stock. — Since there are many opportunities 
for apparently disease-free stock to be carrying the disease, treatment of 
planting stock with a fungicide has been recommended by Ness (1917): 

The bundle of trees should be plunged deep enough into tiie solution so that 
the trees are covered to a distance of several inches above the collars of the roots, 
using 7 ounces copper sulphate to 26 gallons of water for peaches and 1 pound to 26 
gallons for apples, with an exposure of. 1 hour. 

3. The Protection or Sterilization of Grafts. — This is of prime impor- 
tance, since most infections of nursery stock occur through the grafting 
wounds. Hedgecock obtained good results by wrapping root grafts with 
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cloth and nearly as good protection by continuous-thread wrapping 
applied by a machine evenly and closely over all the union.'' Packing in 
sand and cold storage are recommended for root grafts that must be kept 
for some time before planting. Melhus and Maney (1921) state that 
cloth wrap at present is impractical from an economical stand- 
" point in the production of apple grafts/' and present evidence to show 
the value of dipping in an 8-8-50 Bordeaux, either wth or without lead 
arsenate. 

4. The Prevention of Wounding, — This applies to young stock in the 
nursery and also to young trees in the orchard. Breaking the bark with 
the hoe or other cultivating tools at the crown is a common source of 
danger. 

5. Rotation or the Selection of Clean Ground. — This is of especial impor- 
tance since clean stock may become infected by planting in contaminated 
soils. This is of more importance in the susceptible stone fruits than in 
the more resistant apples. Land from which an infected planting has 
been removed had better be planted to some immune or at least highly 
resistant crop before replanting to stone fruits. It is stated that newly 
cleared land may sometimes be contaminated with crown gall which 
occurred on the native trees or shrubs. 

6. Surgery.— infected, young trees should be removed and 
destroyed rather than treated. Cutting out of the tumors on young or 
old trees is unsatisfactory, since the galls may develop again at the edge of 
the cut, but some good may result. If galls are removed the work should 
be carefully done and the cut surface sterilized by coating with a Bordeaux 
paint (bluestone, pounds + 1 gallon water; lime, 3 gallons + 1 
gallon water; mix equal parts for use). 

7. Sanitary Practices. — Avoid mixing diseased and healthy nursery 
stock at digging time. Separate out the diseased stock and destroy by 
burning as soon as possible. Remember that the bacteria are easily 
washed off from the galls and may contaminate the soil or infect any 
susceptible stock. When planting a new tree in the place of an old 
diseased tree, either use fresh uncontaminated earth for filling in around 
crown and roots or sterilize the soil with the standard formaldehyde 
drench (1 pint to 6 gallons, gallon per square foot) and aerate before 
planting. Follow the general plan of destroying all material showing 
crown-gall malformations. Neglect to do this may lead to a severe 
epiph 3 d}otic, for example, of aerial galls on roses under glass. 

8. Use of Resistant Varieties or Resistant Stocks. — Consideration of 

resistance should govern choice of varieties when consistent with the 
horticultural needs of an environment (see Host Relations). Probably 
most attention has been given to the study of resistant stocks adapted to 
the stone fruits. The following degrees of resistance are given by C. 0. 
Smith (1917): v 
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Apricots: 

Peu Cex'] 

r 

Plums: 

-Peb Cent 

Mikado (P. armemaca) ' 

27 

Sand plum (P. ptimila ) ...... 

..... 0 

Purple (P. dasycarpa) 

40 

Italian prune (P. domeMica) . . 


Chinese (P. mandschurica) . , . 

42 

Purple Duane (P. instititia) . . 


Japanese (P. mume) 

91 

German prune (P. domestica) . 

...... 10 

Royal (P. armemaca ) ........ 

97 

Damson (P. instititia ) ....... 

..... 10 

Peaches: 

Wild Chinese (P. mira) 

..... 10 

Green Gage (P. dornestica) . . . 

25 

Muir (P. persica) 

85 

Mariana (P. cerasifera ) . ... . . 

. .. . . 85 

Salway 

90 

Burbank (P. tri flora) . , 

. . . . . .90 

Eiberta 

94 

Wild Goose (P. munsoniaiia ) . 

92 

Almonds: 

Bitter {A. communis) 

..... 85 

Myrobalan (P. cemsifera) 

. . . . . 95 

Chinese (A. davidiana) 

88 

Wickson (P. triflora) 

98 

Sweet {A. communis) 

95 

Simon (P. simonii) 

. . . . . 99 


None of the control measures have given really satisfactory results, 
but the selection of resistant varieties is the most promising. 
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CORKY SCAB OR ACTINOMYCOSIS OF THE POTATO 

Actinomyces scabies (Thax.) Gtissow 

This widespread disease of the potato is characterized by the forma- 
tion of raised, level or depressed, scab-like areas upon the surface of the 
potato tuber. Various common names have been applied to the trouble, 
such as common scab, potato scab, brown scab, Oospora scab, American 
scab, deep scab, but corky scab or actinomycosis of the potato have been 
suggested by Lutman (1914) as the most appropriate names. It should 
be noted that the potato suffers from several other troubles to which the 
name “scab” has been applied, for example, powdery scab {Spongospora 
subterran'ea), black scab or Rhizoctonia scab {Corticium vagum) and silver 


BACTERIAL DISEASES OF PLANTS 


337 


scurf, sometimes called silver scab {SporidylodmUivni ' The 

disease in France is called “ Gale and in Germany Schorf/^' 

History and Geographic Distribution. — ^The first mention of scab was made in 1825 
(Loudens’ ‘‘Encyclopedia of Agriculture ’0 as follows: 

“Scab, that is to say, the ulceration of the surface of the tubers, has never been 
explained in a satisfactory manner. Some attribute it to the ammonia from the dung 
of the horse, others to alkali and certain others to the use of wood ashes on the soil. 
Not using diseased seed and planting in other soil are the only known means of 
preventing the malady.” “Since the organism is believed to be native to the soil, 
and according to our present knowledge and observation, exists almost iinix^ersaliy 
in soil, especially in those which are well cultivated and rich in humus, the disease is 
probably as old as is potato culture. Doubtless it has existed both in America and 
in Europe since first potatoes were grown” (Lutman, 1914). 

The early European literature is some\vhat confusing because of the occurrence of 
the powdery scab in that continent, and Humphrey (1889) called attention to the fact 
that all forms of scab were not alike, and that the “Schorf ” of Germany and the com- 
mon scab of England and America were identical. Various theories w'erc propovsed to 
explain the prevalence of corky scab, the possibility of parasitic origin being suggested 
as early as 1842, but it was not until 1890 that claims were made by Boiley that the 
disease was of bacterial origin and that Thaxter isolated and described the true causal 
organism. The supposed discovery of the parasitic nature of the disease led Boiley 
to make the first tests of seed disinfection (1890-1893) with corrosive sublimate, which 
continued to be the prevailing disinfectant until the introduction of formaldehyde. 
The use of formaldehyde predominated until it was shown by Glover (1913) that it 
was not as efficient as mercuric chloride in the prevention of Rhizoctonia, a trouble 
that has a very wide distribution. Important contributions to our knowledge of scab 
have been made by Lutman and Cimningham (1914), and Lutman (1919) and these 
writers were the first to recognize the fact that the causal organism described by Thax- 
ter belongs to a group of the higher or filamentous bacteria, the Actinomyeetales, 
although such a suggestion had been made by ILrtiger in 1905. During recent years 
the experimental work has been largely directed along two main lines: (1) determina- 
tion of the effectiveness of the different methods of seed disinfection or soil treatment; 
and (2) the study of the influence of various environmental factors on the amount of 
disease. 

Symptoms and Effects.— The malady attacks tbe tubers during any stage in 
their development, from the time when they are mere buds until they cease to 
increase in size, but not, as some authors have believed, while they remain in 
the ground or after they are placed in storage. The disease first appears as a 
small brownish stain on the surface of the potato. These scab spots, once started, 
rapidly spread and increase in depth until large patches or the wdioie exterior of 
the potato may become affected, leaving very unsightly scars which, in the case 
of the deep or well-advanced scab, may penetrate to a depth of a half centimeter. 
These spots consist of accumulated corky tissue which may be removed, leading 
the unprotected inner parenchyma tissue exposed in a manner closely resembling 
the condition which exists when a scab has been removed from injured animal 
tissue (Lutman and Cunningham, 1914). 

The scab lesions may show as slightly raised or bulging, roughened, 
corky areas or these may be nearly on a level with the remainder of the 




"Corky scab of potato. {After Lutman and Cunningham, Vu Bui, 


lesions There are various other superficial tuber lesions which can 
generally be recognized by the following characterizations: 

tlmt dirt 

2 Powdery sca,b (Spongospora suhtaranea), with rather regular 
circular lesions, with powdery or granular center. 

appearing as slightly raised or 
presse dark circular lesions which do not generally rupture the skin 
(see account of Powdery Scab). 

4. Silver scurf (Spondyhchdium atrovirens), marked by irregular 

Sla ^ 

5. Enlarged lenticels, small groups of raised, whitish cork cells 

occupying the position of the-normal structures. 




iiobito skm, or a corky depression may occur. These conditions are not 
ddlerent kinds of scab, as was at one time supposed, but may all be found 
on a single hill of affected tubers. The lesions may be small and few in 
number or numerous and larger and produce a general infection with 
little or no normal surface remaining. Some observations and experi 
ments have shown a tendency for the scab lesions to be segregated on the 
‘stem-end” portion of the tuber, except that this condition is the least 
evident when potatoes are subjected to the temperatures at or near the 
optimum for scab development. 

The normal symptoms may be modified by the work of wire worms 
white grubs, mites or millipeds, which frequently extend and deepen the 
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We prominent effects of scab may be enumerated a, follows- 

1, Lowermg of quality. Scabbed potatoes are uS ly- it 1, 
necessary to remove a thick narino- «,k • « ife 

cooking, thus causing a loss- heavilv ' P^®Pa™g the potato for 
earthy odor or taste to W h ^ 

increased liability to tuber decay as a reunlf^ Z+k ^ 
rotproduoing fungi, sucrj?!” "“f ""jr 

2. Seduction in yield. When bafll Aspergillus, 

seed or when the crop is heavilv scahb^rl^+K ^ potatoes are used for 
reduction in yield. Careful experiments a very marked 

scabby seed may cause a reduction eoual + 

crop as contrasted with the same treaf-ed one-sixth of the 

while Goff recorded a yield of 4773/ * , and Cunningham), 

199X pounds from tu“ ta^^.y^Sbc^” ““ 

Gu™'°SionSJ ta'f? ‘® ''y ^ctinomsca mibies (Thax.) 

or 1 o' 

to be causally rektpri in +in isolated and proved 

O^ornSSa Sn ^ described it as 

SZs ^ce that W iiH-r by various 

ship of the cant 1 fT’ i relation- 

smp 01 tne causal fungus have been chanced Th^ iAoo ih^-i- +i, i 

organism belongs to the “ higher bactprio » -c * 

“ ‘^TiT “ P«rj„^nrbrcun2g! 

h b ^ ^ ^ orgmiigms, because it was previously used by Corda for a 
byphomycetous fungus, so he proposed the pmsent name W fa tte 

jrericTottionTJ d ^g"«®d with Gussow as to the 

generic position but used the name Actinomyces chromoqenus Gasnerini 

°"b “Cifomogenus group- LTco^mX 

par^S fom?T*^ “”f*t °' “<* »' “o- 

foiind to b - o' Other species of Actinomyces have been 

“ "o*"”'®' '0"' ^of— yoo» 

^caoies IS probably the most common cause of scab. 

individual theories advanced as to the cause of potato scab are 

groit undrSiThet “m the subject, they natiLlly 

Ladtes- rJ/Z f irritation; (2) insect and other animal 

E ^ A ^ irritation; (4) excessive moisture. It is now 

whS teS to a“ ; r ’ “Ir* «ay, theyL conditions 

dT-rPf.+ ^ to favor the growth and to accentuate the effects produced bv the 
direct cause, the organism (Lutman and Cunningham, 1914). ^ 
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More recent tests point to a retarding effect of abundant moisture 
(see Predisposing Factors). 

The organism is a non-motile “thread or filament 0.5 to 1/^ in diameter, 
long and branched, wavy or curved, irregularly segmented and capable of 
forming aerial hyphse which break up into gonidia or short cells resem- 
bling bacilli. These may form by the “segmentation of any part of the 
mycelium, either in the depth of the medium or on the surface, giving the 
colony an ashy gray, cretaceous appearance. These aerial gonidia are 
not always produced, but may be formed “quite abundantly and in fairly 



Fig. 103. — A, drawings of Actinomyces scabies showing branching and irregular segmenta- 
tion; B, groups of gonidia; 0, section of an old scab. {After Lutmayi and Cunningham, Vt, 
Bul.MA) 

young cultures, while others never produce aerial hyphse or gonidia, or, 
if so, rarely and under exceptional conditions'’ (for detailed cultural 
characters see Vt Bui 184). 

Scab lesions may originate on any portion of the tuber surface 
although the lenticels are usually the centers of infection. Infections may 
occur on the young or growing tubers, but not on mature stock or in the 
stored crop. The scab organisms may be present in the soil or they may 
be introduced into uncontaminated soil by the use of scabby seed. Later 
studies* have served to emphasize the almost universal occurrence of the 
scab organism in soil, not only in cultivated land but even in the raw 
desert land of the western United States. The organism grows and 
multiplies rapidly in soil rich in humus or containing manure or in the 
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compost heap. Thaxter first showed that an infusion of horse dung was a 
good culture medium, Morse (1912) showed that the scab organism will 
survive passage through the digestive tract of domestic animals. In view 
of these facts it seems certain that the organism is spread by dumping 
scabby waste stock on the manure heap, and by feeding uncooked scabby 
potatoes to farm animals. As a result of analysis, a certain greenhouse 
soil was shown to contain 274,000 units, and a garden soil 466,000 units of 
A. scabies in every gram. Considering the wide distribution of the scab 
organism, it seems probable that the presence or absence of scab in severe 
form is dependent on the prevalence of environmental conditions of soil 
moisture, temperature and soil reaction favorable or unfavorable to 
infection. 

Predisposing Factors. — The natural soil reaction may be favorable 
or unfavorable to scab or this may be modified by the addition of ferti- 
lizers. Scabbing is slight in decidedly acid soils and the organism makes 
its best development in an alkaline or very slightly acid habitat. It has 
been shown by Gillespie (1918) that certain soils which have a Ph expo- 
nent of about 5.2 generally produce a scab-free crop. In such cases the 
acidity is of sufficient intensity to exert an injurious action on the scab 
organism. The addition of lime has long been known to increase the 
amount of scab, as high as 40 per cent increase being noted. ' The effect 
is probably due in large part to the neutralization of the soil acidity. The 
use of barnyard manure isNOv^ scab, in two possible ways: (1) by the 
introduction of organisms in increased numbers; and (2) by augmenting 
the organic matter content and thus affording the most favorable condi- 
tions for the development of the scab organism. Even among the early 
writers, wood ashes are listed as aggravating scab, and their effect is 
supported by the work of later investigators. Potash salts, such as 
kainit, almost invariably reduce or tend to control the ravages of potato 
scab,’^ and sulphur, especially when applied to certain soils, is of value in 
reducing scab, due to an increase in soil acidity. 

The amount of scab that develops is dependant on the soil tempera- 
ture. According to Jones, McKinney and Fellows (1922) the optimum 
temperature is about 23°C. for the highest per cent of scabby tubers and 
20.5^C. for the percentage of total tuber surface scabbed. The range of 
development of the disease is given as var3ring from 11 to 30.5®C., with 
but slight infections at either extreme. In certain field trials 25°C. was 
the most favorable temperature for scab development. These findings 
are in accord with the earlier report (Shapovalov, 1915) that the scab 
organism is favored by fairly high temperatures. It was found to make 
its best growth in pure cultures at temperatures ranging from 25 to 30°C. 
“Field observations seem in general to accord with the results obtained 
by experiments. They indicate that potato scab is comparatively more 
prevalent in regions having high summer temperatures than in those of 



342 


MANUAL OP PLANT DIPEASP:S 


Iciwor toiiipcraturc.’’ The disease m.ay be exiiccted to va.ry in severity in 
a given region and to be least severe during the cool summers. The 
iiifliienee of soil temperature is undoubtedly an important factor, in the 
reduction of scab in the' Pacific Northwest, since the night temperatures 
are generally low even when- the day temperatures are high.^ 

Tlie relation of soil moisture to the percentage of scab appearing in a 
crop lias recently been investigated (Sanford, 1923). According to this 
report, 'T:)adly scabbed tubers were produced both in dry soil and in the 
medium (moist), but the potatoes in the moist soil were practically clean./' 
Tests which were made indicated that: 

Dry soils actually are more acid than moist soils under these conditions, and 
the liydrogen-ion concentration increased as the tubers grew. Apparently 
moisture, not acidity, was the controlling factor, since the dry soil produced the 
scabby tubers and the more alkaline soil the nearly scab-free potatoes. 

As a result of later studies the belief is expressed that the importance 
of soil moisture has been overemphasized. 

It is evident that, while soil moisture is an important factor in determining 
the amount of scab, soil acidity is of equal and probably of greater importance, 
since with the same moisture content scab is less severe on soils with an acid 
than OB those with alkaline reaction (Martin, }923). 

There seemed to be a critical period of susceptibility, for abundant 
moisture during the early growth and dry conditions later gave nearly a 
scab-free crop. 

Host Relations. — Corky scab is primarily a potato disease but it has 
been reported as affecting a number of other economic plants. It was 
recognized on beets as early as 1864, and Bolley (1893) showed that the 
scab of the beet was identical with that of the potato. Trials by Halsted 
indicated that beets, turnips and radishes were also susceptible, but no 
infections were obtained on the sweet potato, artichoke, salisfy and pars- 
nip nor on a number of other less important plants. It is not exactly 
clear what part other hosts may play in perpetuating the scab organism, 
but it is certain that the pathogene may persist for years in the soil 
independent of any of the commonly recognized host plants. 

Previous to the work of Lutman (1919) there had been numerous 
observations on the comparative resistance of varieties, but there seemed 
to be general agreement /'on only a single point, namely, that some 
varieties of potatoes are more resistant than others.'' In the most 
extensive tests made, Stuart (1914) concluded that none of his 74 varieties 
"showed strongly marked scab-resisting qualities when grown on soil 
well infected with scab organisms" and also "that there seems to be little 
hope of securing scab-resistant varieties through selection." As a result 
of tests carried out through .4 years Lutman arrived at the following 
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general conclusions: Marked resistance, to scab is .found in the true 
russet t 3 ^pes of tubers. The semirussets show some scab re>sistance while 
.the white, and thin-skinned varieties seem to be most susceptible.’-. The 
per cent of clean tubers ranged all the way from 36 to 98 per cent in the 
most resistant varieties, and from 0 to 26 per cent in the most susceptible. 
Scab Proof, Burbank’s Russet, Cambridge Russet and Dibble’s Russet 
generally vshowed the greatest resistance, but there ’was much variation 
in the relative position of the more susceptible varieties in the different 
trials. These studies also led to the conclusion that ^Hhe thickness of the 
skin determines the resistance of the tubers to scab. Color seems to play 
no role in this resistance.” It was also shown that ^^close-textured lenti- 
cels, partty buried under the skin surface and filled with small cells, are 
also associated with the russet type of potatoes,” all varieties of which 
were shown to be at least moderately resistant. Various chemical treat- 
ments of the soil did not seem to modify the skin structure. 

Prevention or Control. — There is no single measure which will control 
scab. The following features should be kept in mind in all localities in 
which scab is a serious factor in potato production: 

1. Avoid the use of badly scabbed potatoes for seed, for they will 
always produce, more scab than clean seed, even when given a standard 
seed treatment. 

2. Avoid badly contaminated soils. This will call for a rotation of 
crops, using grasses, small grains, corn or clover. Continuous cropping to 
potatoes generally leads to increase in scab even though clean or treated 
seed may be used. A susceptible crop should not be grown oftener than 
every third year. It should be noted that other susceptible crops should 
not follow potatoes on scab-contaminated soil. 

3. Avoid practices which favor the development or spread of the 
disease, such as the use of fresh barnyard manure, the application of lime 
or wood ashes, the dumping of scabby stock on the compost heap, or the 
feeding of uncooked scabby tubers to farm animals. 

4. Practice seed disinfection unless perfectly scab-free stock is used. 
The following treatments have been recommended: (a) corrosive subli- 
mate, 4 ounces to 30 gallons of water, with to 2 hours’ steep; (6) 
formaldehyde, 1 pint to 30 gallons of water for 2 hours; (c) copper sul- 
phate, 3 pounds to 50 gallons, with immersion for 2 hours; (d) hot for- 
maldehyde, 1 pint to 15 gallons of water for 2 minutes at 118 to 122'^F., 
after which they should be drained and covered with wet sacks for 1 hour. 

It seems certain that the hot mercuric chloride treatment would be 
equally effective (4 ounces to 15 gallons, 110 to 113°F. for 5 minutes) 
(see Powdery Scab). The disinfection of large quantities of tubers by 
formaldehyde gas is not recommended because of the danger of seed 
injury (Morse, 1907; Maney, 1914). Any of the seed disinfectants when 
used too strong or for too long a period may cause injury, evident as 
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stinkeii brown spots appearing at the lenticels or around the e3?'es. The 
standard treatments also cause a retardation of growth if sprouted 
tubers are disinfected. 

Since corrosive sublimate has proved more effective than formalde- 
hyde for the (jontrol of scab as w^ell as of Rhizoctomaj it will probably be, 
more extensively used than any other seed treatment. The following 
outline of the treatment based on experience with Rhizoctonia, which is 
more difficult to control, may be presented : (a) Seed stock to be disin- 
fected should be as free as possible from dirt, preferably washed clea?i, 
(h) Dip in water, drain and allow to stand in moist sacks for 12 to 24 
hours, (c) Using barrels or wooden or concrete vats, dip the whole tubers 
in the solution of standard strength, in open vats or crates and notin burlap 
sacks : For small lots of seed (1 bushel or less) treat the first bushel 
hours, the second 1% hours, the third 2 hours, the fourth 2J4 hours and 
then discard the solution; /or larger lots of seed , for each 4 bushels of elean 
stock treated by the standard formula, add ounce of the chemical, 
corrosive sublimate, keeping the volume of the solution constant. Soak 
for U4 to 2 hours. Discard the solution entirely after making six or 
eight treatments, (d) Treat preferably before sprouting, but at least 2 
weeks before planting and dry the seed immediately after treatment. 
Mermric chloride is deadly poison, so treated seed is unfit for food, should 
not be fed to live stock and special care should be given to the disposal 
of discarded solutions. 

5. Under conditions where rotation cannot be practiced or where 
there is a general soil contamination the continued growing of potatoes 
be made possible by certain practices. . 

Where there is only a slight amount of scab, relief may be had by plowing 
under a green cover crop such as rye. This practice together with the use of an 
acid fertilizer has led to a reduction of scab and in many cases to the production 
of an entirely clean crop (Martin, 1922). 

If a complete fertilizer is needed on scab soils, sulphate of ammonia is 
preferable to nitrate of soda as a source of part of the nitrogen, since it 
tends to leave the soil in a more acid condition. If the soil is heavily 
contaminated, as indicated by a heavy per cent of unsalable tubers in the 
previous crop, the best results will be obtained by the application of 
sulphur. The most recent trials favor the following applications: 300 
pounds per acre when the crop is only partially, scabby; 500 pounds per 
acre where a large percentage of the crop is unsalable, with a probable 
maximum of 400 pounds for light sandy soils. The application should be 
made with a lime distributor, Just after the land is plowed, and should 
be harrowed in thoroughly at once. Under certain soil conditions, inocu- 
lated sulphur that is, sulphur containing sulphofying organisms — has 
given better control of scab than uninoeulated sulphur (Martin, 1921), 
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but in other localities there has been no appreciable benefit. The most 
extensive work on the treatment of the soil by sulphur has been carried 
out by Sherbakoff (1914), Lint (1914-1916) and Martin (1920 and later). 
Favorable results have also been reported by the use of potash fertilizers, 
kainit or muriate and sulphate of potash (Halsted, 1895). When used at 
the rate of 1500 pounds or more per acre they caused injury. Kecently 
attention has again been called to the favorable results obtained from the 
use of agricultural gypsum at the rate of 800 to 1000 pounds per acre. 

In this connection it should be pointed out that heavy sulphur appli- 
cations have an injurious aftereffect, causing a reduced yield of the same 
crop for the next season, or on other crops that follow, especially on 
legumes, which are especially sensitive to an overacid condition of the 
sod. 

6. Field observations and reports by powers indicate that when the early 
maturing varieties are planted late they do not have as high a percentage of scab 
as those planted earlier. This is particularly true of Triumph. This merits 
consideration since other diseases, as tip burn and various leaf troubles, also 
occur less severely in late-planted early varieties (Brann and Vaughan, 1921). 
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OTHER IMPORTANT BACTERIAL DISEASES 

Cucurbit Wilt {Bacillus trachephilus E. F. S.). — This disease is 
characterized by a sudden wilting without evident cause, but cross-sec- 
tions of steins of affected plants show a viscid bacterial ooze which comes 
from the xylem vessels of the vascular bundles. This development of the 
bacteria in the water-conducting vessels is the cause of the wilting. 
The infection is through wounds made largely by beetles which carry 
the bacteria from sick to healthy plants. The disease attacks various 
cucurbits and is important on cucumbers, muskmelons, pumpkin and 
squash, but does not affect the watermelon. 
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BrowE Rot of Solaiiacess {Pseudomonas solanacearum E. F. S.).— This 
is a wilt disease in which the bacteria are at first localized in the vascular 
elementSj but later break over into the ■ surrounding parenchyma. The 
vascular bundles in stems or leaves are generally colored brown, and this 
coloration can frequently be seen through the surrounding tissue, and 
may later reach to the surface. In the potato the bacteria also penetrate 
into the tuber and at first cause a bundle browning of the stem end, 
followed b}^ a rot. Various solanaceous plants are attacked, including 
the potato, tomato, eggplant, pepper and tobacco beside.^ species belong- 
ing to other families. 
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Soft Rot of Carrot {Bacillus carMovorus L. R. Jones). — Fleshy roo#, 
rhizomes or other modified stems or sometimes fruits are affected by a 
rapid, wet rot due to this bacterial pathogene. This organism invades 
storage parenchyma but rarely affects active green tissue. It enters 
through wounds, develops in the intercellular spaces, poisons the tissue by 
its by-products, dissolves the middle lamellss and thus converts the 
affected structures into a soft, wet, discolored, pulp-like mass. This is 
primarily a vegetable trouble affecting the carrot, celery, onion, parsnip, 
radish, rutabaga and turnip, but it also attacks some fruits, such as tomato, 
eggplant and pepper. The rot begins in the field and continues into 
storage, where it may cause heavy losses. The Irish potato is either 
immune or highly resistant. 
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Blackleg or Black Rot of the Potato {Bacillus atrosepticus Van Hall). 
This disease causes the yellowdng and wilting of plants and frequently a 
more slender upright growth. Affected plants will show a blackening 
and softening of the stem near the ground level, and the lesion may 
extend upward a few centimeters or advance downward until the tubers 
are reached. This is primarily a parenchyma disease, the bacteria being 
located in the cortex, which may later become shriveled and shrunken. 
A small fragment of blackened cortical tissue placed in a drop of \vater 
will soon cause this to become milky or turbid due to the bacteria which 
swarm out. The bacteria may advance into the tubers along the stolons, 
or independent lenticel infections may occur. Tuber invasions do not 
cause a bundle browning, as in bacterial wilt or in Fusarium wilts, but 
result in a general blackening and rotting of the parenchyma tissue. 
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herica the term black rot'" -which is applied to this phase of the disease. 
Hie trouble is seed borne, but the pa-thogene does not seem to live over, 
the winter in the soil. 
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Bean Blight {Pseudomonas phaseoU E. F. S.). — The leaves, stems and 
pods are attacked by this disease, which appears at first on the leaves as 
translucent spots which enlarge and form more extended and irregular, 
yellowish, reddish or brownish, papery areas. The affected areas may 
riiptiire and the foliage become ragged or torn. The bacteria may also 
invade the growing pods and cause sunken, discolored lesions, sometimes 
showing a reddish border. The pod lesions may penetrate until the 
developing seeds are invaded. The bacteria may ooze out in surface cirri 
or as expanded masses or crusts. The disease may be introduced by the 
use of contaminated seed and be spread by insects. Infection may occur 
through stomata independent of any mechanical injuries. Several species 
of Phaseolus are susceptible, but there is considerable difference in the 
resistance of our common garden varieties. 
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Angular Leaf Spot of Cotton {Pseudomonas mahacearum E. F. S.). — 
This is a disease which produces lesions on leaves, stems or bolls. On 
leaves the spots are at first translucent, then brown and are bounded by 
veins so that they are more or less angular, hence the name. Adjacent 
spots may coalesce to form more extensive lesions, and badly affected 
leaves may fall prematurely. The stem lesions may cause the condition 
known as ''black arm'' or gummosis, while capsule or boll infections are 
called "boll rot.^’ The boll spots are circular or subcircular, and may 
reach a centimeter or more in diameter, with penetration into the develop- 
ing seeds. The spots are watery at first, but later become brown and 
finally almost black and sunken. The infection of all parts is largely 
through the stomata. 
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Tobacco Wild Fke (Pseudo7nonas tahacum W. & F.).— This is .a. leaf- 
spot disease appearing from the seedling stage to maturity. In .very 
young seedlings it produces a wet-rot stage, characterized by' terminal or 
marginal leaf lesions which advance rapidly and may involve the entire 
leaf. Such affected plants may be killed in the seed bed or may not 
survive transplanting. On larger plants the disease is first evident as 
circular, yellowish-green spots, which rapidly enlarge. A brown speck 
appears at the center of the spot, surrounded by a yellowish-green halo, 
and both increase in size until the lesion may be a half inch or more in 
diameter, with a water-soaked border at the margin of the central dead 
area. The character of the spots is modified by weather conditions. The 
spots may be few or numerous and fuse to form extensive dead areas. 
Lesions may also occur on seed pods or flower parts. The disease may 
cause but slight injury or almost a complete loss under the most favorable 
conditions. 
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Angular Leaf Spot of Cucumbers {Pseudomonas lachyrmansE. F. S. & 
Bry.). — This disease is characterized by the appearance of numerous 
lesions on leaves or fruit. Leaf spots are angular, brown or tawny and 
dry and the dead tissue frequently drops away or ruptures to produce 
irregular perforations or a ragged appearance. Cicrular, water-soaked 
spots form on the fruits, which later dry out and show grayish centers due 
to the cracking of the tissues and the admission of air. Both leaf and 
fruit infections are stomatal, and occur mostly during the day, rain being 
the most important agent of dissemination of the pathogene. It is 
believed that the causal bacteria overwinter with the seed, and that their 
sensitiveness to freezing prevents them from overwintering in the soil. 
The disease is limited to the cucurbits, and while a few ornamental gourdvS 
are susceptible, the cucumber is the only important crop plant of the 
family that is affected. It is a cucumber disease of major economic 
importance on various horticultural varieties which show but little varia- 
tion in resistance. 
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The Olive Tubercle {Pseudomonas savastanoi E. F. S.). — This disease 
of the olive is characterized by the appearance of small or Jarge excres- 
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ceiices or tubercles on leaves, branches and even the iiiain.tnmk and it 
. ' is,, also, stated that the roots' are subject to iiifectioii. These ,knots 
' contain both wood and bark or sometimes mostly bark tissue, and may be 
" i3itbe.r spongy or cheesy. The galls are not solid as in crown gall but are 
filled with irregular branched cavities produced by the growth of the 
bacteria. The bacteria are very numerous and may ooze out on the sur- 
face during moist weather. Leaf tubercles are small, but stem knots may 
vary from those no larger than small peas to others several centimeters in 
diameter. Winter rain is the principal agent of dissemination, but it is 
believed that birds and insects also play a part. Infection is through 
mechanical injuries which may be the result of hail or of wounds made 
during harvesting operations. 
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Citrus Canker {Pseudomonas citri Hasse). — This bacterial disease is 
a recent introduction from the Orient, coming from either Japan or China. 
It was brought to Texas as early as 1910-1911 by the importation of 
“trifoliata” stock from Japan. By' 1914 the disease had become estab- 
lished in Texas and the other Gulf states, and the epiphytotic character 
was the cause of considerable alarm. Considerable money and effort have 
been expended by state and Federal agencies in the work of eradication 
and control. Citrus canker ranked for a time with the chestnut-tree 
blight and the blister rust of the white pine, as “alien enemies” of national 
significance. 

Citrus canker may produce lesions on leaves, twigs and branches and 
fruits, although it is mainly a leaf-spot disease. The leaf lesions appear 
first on the under side of the leaves as yellow, translucent, oily pimples, 
but they later become brown, raised and more or less corky, surrounded 
by an oily or yellow halo, and extend through to the upper surface. Simi- 
lar corky lesions may be formed on branches or fruit, and these may be 
isolated or grouped to make cankers of variable size and form. 
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DISEASES DUE TO SLIME MOLDS 
MYXOMYCETES 

Of the considerable array of known species of slime molds a few have 
acquired the parasitic mode of life and are responsible for destructive 
diseases of some of our cultivated plants. 

General Nature and Habitat of Slime Molds.— The slime molds, 
known first as the Myxogastres, and later as the Mycetozoa, are now 
generally called the Myxomycetes. They are a group of primitive 
organisms, standing on the border line between the plant and animal 
kingdoms, but scientists are now generally agreed that they are more 
plant-like than animal-like and related to the more primitive fungi. The 
slime molds are in the main saprophytic in their mode of life, living on 
decaying organic matter such as old logs, decaying stumps, fallen twigs 
or branches, leaf mold, compost heaps or other vegetable debris wherever 
there is sufficient moisture. . 

Vegetative Characters.— The plant body of the slime mold exhibits 
two distinct stages or phases: the concerned primarily with 

nutritive activities, and the reproductive stage, which provides for the prop- 
agation and dissemination of the species. In its simplest condition the 
plant body consists of a simple, uninucleate, naked mass of protoplasm, 
very amoeboid in character, and therefore called a myxammha. Myxammbm 
may increase in size by growth and become multinucleate, or several to 
many myxamoebse may come together and form a larger, multinucleate 
mass of protoplasm, a pZasmodmm, the nuclei of which may divide and 
redivide and the whole structure increase in size. In many species the 
plasmodium is of microscopic size, while in others it may form large 
masses several inches across or spread over the substratum in branched 
sheets or net-like strands for a distance of even several feet. Young 
plasmodia may be nearly colorless in some cases, but the prevailing color 
of growing active plasmndia is yellow, while various shades of color may 
be exhibited. The plasmodium has about the consistency of the white of 
an egg, and can creep from one moist substance to another during its 
active or vegetative stage. 

Reproductive Stages. — A plasmodium may give rise to spores, either 
by direct organization of a spore for each nucleus without other differen- 
tiation of structure, or simple or complex fruiting bodies, the sporangia, 
may be developed, in which numerous uninucleate spores appear in dusty 
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masses. The spores are small, 3 to 20 ji in diameter, spherical or 
flattened by contact, smooth or rough, of various colors, but generally 
yellow or violet brown. The fruiting bodies show a great variety of 
forms from a flat, cake-like mass, an ethalium, to variously differentiated 
sporangia, spheroidal, elliptical or elongated, and sessile or stalked, with 
delicate thread-like elements of great variety of form and structure, the 
capilUtium, mingled with or associated with the spores in the differentiated 
portion. 

Under suitable conditions of moisture the spores germinate when 
mature or soon after. The cell wall ruptures and the protoplasmic con- 
tent escapes, either as a simple naked amoeboid cell, essentially like an 
amoeba, or the amoeboid cell may be provided with a single, vibratile 
protoplasmic extension or cilium (eight swarm spores are formed in 
Ceratiomyxa). These active cells or swarm spores may grow, and repro- 
duce themselves by fission, but finally they become the myxarnoebce^ 
which grow into plasmodia or fuse to form plasmodia. 

Parasitic Forms. — The only family with which the plant pathologist 
is concerned is the Plasmodiophoracesc. It has been a disputed point as 
to whether this family is closely allied to the true Myxomycetes or should 
be placed with the Chytridiales or pond-scum parasites. Schwartz 
expresses the opinion that the Plasmodiophoracese should form a separate 
order intermediate between the Mxyomycetes and the Chytridiales. All 
genera of the Plasmodiophoracese are parasitic, but only three, Plasfnodio- 
phora, Spongospora and Cystospora, are of economic importance: 

1. Plasmodiophora, — Spores free within the host cells; cause of club 
root of various Cruciferae. 

2. Spongospora, — Spore balls spongy; cause of the powdery scab of 
the potato. 

3. Cystospora, — Plasmodium forming cysts wdthin the cells, from wMch 
the spores are developed. Otherwise similar to Plasmodiophora. C, 
batata Elliott has been described as the cause of pox or pit of the sweet 
potato and also of the Irish potatoA 

Later investigations have cast some doubt on the findings of Elliott 
and Taubenhaus as to the causal relation of the accompanying slime 
mold. 
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CLUB ROOT OF CABBAGE AND OTHER CRUCIFERS 
Plasmodiophora brassicce Wor, 

The cabbage and other species of the mustard family are frequently 
attacked by a disease which first produces swellings or distortions of the 
root, followed frequently by decline in vigor or by death of the affected 
plants. The characteristic effect upon the root system has suggested 
such names as ^‘club foot,^^ ^^clump foot,'' ^'club root," ^^clubbing," ''fin- 
ger-and-toe disease," ^^anbury," ^^Kohlhernie" (German), ^^maladie 
digitoire" and/ ^gros-pied" (French). 

History and Geographic Distribution. — The origin of the disease is uncertain, but 
it was the cause of concern in Scotland nearly 100 years before it attracted special 
attention in Russia, where it was so widespread and destructive in the region of St. 
Petersburg that the Russian Gardeners’ Association offered a prize for its study in 
1872. As a result Woronin began the study of the disease in 1873 and by 1876 had 
completed studies which were published in the fall in 1878. Previous work by Casp- 
ary had faded to establish the presence of a parasite as the cause of the disease, the 
true nature of the disease as due to a simple slime mold being first determined by 
Woronin. Previous to the work of Woronin (1878) finger-and-toe was frequently 
discussed in garden literature between 1800-1860 in various English journals. As 
late as 1853-1854, Buckman claimed that the disease was due to a reversion to the 
original wild forms, while other waiters held that soil and climatic conditions were 
responsible. The disease has become world wide and attention has been given to it in 
England and various European countries, while it has been frequently reported in 
American disease literature. Recent important contributions to our knowledge of the 
disease have been made by Lutman (1913), Cunningham (1914), Ghupp (1917) and 
Kunkei (1918), The disease has given most concern because of its atta,cks on cabbage 
and turnips. In 1892, club root was common in New England and the Middle Atlantic 
states where it was considered one of the worst enemies of the market gardener. It 
spread southward and westward, reaching Virginia and the Carolinas on the south 
and Wisconsin, Illinois and Iowa on the west. It appeared in the tmck section of the 
Puget Sound country in sufficient abundance to call forth a special bulletin in 1910. 

Symptoms and Effects. — The disease may affect seedlings, which 
after 3 to 5 weeks show “flagging," or the leaves assume a pale-green or 
yellowish color and the roots will show swellings 10 to 12 times the 
diameter of normal ones. Seedlings that are infected early are usually 
killed before the season is half over, while later attacks are less serious. 

The distorted roots fail to absorb nourishment from the soil and are often 
unable to transfer the plant food and water collected by the healthy roots to the 
cabbage bead or other storage place. The plant starves, little or nothing being 
stored either in a head, as in the case of cabbage and such plants, or in a succulent 
taproot as in the case of turnips and radishes. 
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This functional failure of the root stunts the plant. The outer and older 
leaves become yellow and sickly, soon drop and, in the case of cabbage and cauli- 
flower, the head is always small. At first they wilt only in the hottest weather 
or during midday «,nd recover in the cool of the day, appearing perfectly normal 
the next morning; but as the disease advances, the outer leaves wither and fall one 
after the other until in severe attacks the whole plant dies, a result noticeable 
in July or xA.ugust, but most severe in September (Cunningham). 

The s^vollen distorted roots begin to decay in the soil towards the 
latter part of the growing season due to invasion by bacteria and soil- 

inhabiting fungi, and thus the 
injury is increased. 

crops caused this disease can only 
be appreciated by those who have seen 

w ■ flower and radish suffer most here, but 

bagas are largely raised,^ these crops 

were long ago abandoned^ for raising 

' ' ^ ^ manj?* American gardeners no longer 

' ‘ raise cabbages for the same reason' 

, root system varies in the different 

^ y j and lateral roots — Brassica aleracea, 

.i 2, Clubs on main root, laterals 
free — Sisymhi'ium aUissinium. 

Fig. 104.— Club root of cabbage, showing .. pj , mnfq main 

swollen and distorted roots and undeveloped '-^mub on larerai lOOuS, main 

head. (A/ier Cunningham, Vt. Bui, 185.) rOOt free — S, officinale and Ery • 

simum cheiranthoides. 

4, Clubs on main and lateral roots with club-free rootlets above the 
diseased portions— sativum. ^ 

5, Clubs as tumors of the root — Raphanus sativns. 

6, Dark, decomposing spots on the root— i?. sativus. 

The hypertrophied roots in group one are very frequently somewhat 
elongated or fusiform, and thus the malformed root system is of such a 
nature as to be well characteriaied by the descriptive name of firiger-and- 
toe disease. In turnips or rutabagas the swellings of the roots; are very 
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frequently globular and grouped mainly on the laterals, with the fleshy 
taproot more nearly normal, but in other cases turnips may be so badly 
clubbed as to present only a group of branched hypertrophied root^. 

Attention should be directed to the occurrence of galls or hypertro- 
phies on the root system of Crucifers and many other species, due to the 
eel worm or nematode (Heterodera radicicola). These root knots may 
easily be mistaken for the effects of club root, as superficial appearances 
are frequently quite similar, but it is generally quite easy to determine the 
presence of the nematodes in the cortex of the hypertrophied tissues by 
microscopic examination (see Root Knot, p. 845). 

Etiology. — Club root was first shown by Woronin in 1878 to be caused 
by a species of slime mold to which he gave the name of Plasmodioi)hora 
hrassicce. The occasional occurrence of bacteria in the tissue of clubs 
has led to the theory that the disease was caused by bacteria working in 
symbiotic relationship with the plasmodia of the slime mold, but cultural 
tests from clubs have failed to substantiate this theory. The bacteria 
are to be considered only as secondary invaders, which follow rather than 
accompany the causal organism. Although pure cultures of Plasmodio- 
phora cannot be maintained, successful inoculations have repeatedly been 
made by the use of soil contaminated with the spores, or of soil filtrates 
containing a suspension of the spores and more recently by bringing 
together cabbage seedlings grown under aseptic conditions and spores 
obtained directly from the interior of young clubs. This behavior, wdth 
the constant occurrence of plasmodia in the cells of affected roots, is 
sufficient proof of the active pathogenicity of P. brassicce Wor. 

According to recent investigations by Chupp (1917), no bacteria can 
be obtained by cultural methods from roots showing young swellings, but 
medium-sized swellings yielded a few colonies, and larger galls, especially 
those with broken epidermis, yielded numerous colonies. It seems prob- 
able that, while the bacteria are not the primary invaders, they follow 
the slime mold, and by their activities bring about the disintegration or 
rotting of the diseased roots. In so doing they contribute to the injury 
and cause the spores which have developed within the roots to be set 
free into the surrounding soil. 

The spores which are set free by the decay and disintegration of the 
diseased roots may germinate at once or after a period of rest. According 
to Chupp, 1 to 5 per cent will germinate in muck soil filtrate when taken 
from fresh roots, more will germinate if they have been exposed to a 
freezing temperature for 2 weeks or more, while drying also increases the 
germination if not too severe. The optimum temperature for germina- 
tion is 27 to 30^C., but germination and infection will take place at 16 to 
2KC, if susceptible seedlings are present. The spores are spherical or 
slightly hexagonal due to crowding, and somewhat variable in size. The 
following measurements have been recorded by different workers: 1.6^ 
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(Woronin, 1878); 1.8 to 2.2iLt (Molliard, 1909); 1.9 to 4.3 m with average of 
3.3m (Chupp, 1917), In the process of germination the spore swells to be 
one-third larger, bulges on one side, the cell wall ruptures and the content 
escapes as a naked, uninucleate mass of protoplasm, provided with a 
single long cilium and a slowly contracting vacuole. The details of form 
and behavior of these myicamoebse or swarm spores as given by different 
observers is somewhat at variance. According to Woronin, they are long, 
spindle-shaped structures, of variable form, with the single cilium at the 
narrow end, and endowed with the power of locomotion by the lashing of 
the cilium and by the protrusion of pseudopodia in characteristic amoeboid 
fashion. As described by Chupp, they are 1.7 to 3.5m in diameter, more 
or less pyriform, with a thick flagellum from the anterior or pointed end, 
never amoeboid, but with definite form, and move entirely by the action 
of the flagellum. It is difficult to reconcile these two quite different 
descriptions as belonging to the same organism. 

The manner in which these myxamoebae or swarm spores bring about 
infection has been one of the disputed points in the etiology of the dis- 
ease. Various observers have found amoebse or plasmodia containing 
two to six nuclei in the young infected tissue, but the exact behavior 
between the uninucleate, free, swarm-spore stage and the several-nucleate 
plasmodium within the host cells seems to be somewhat obscure. Chupp 
claims to have found uninucleate amoebae within the root hairs of young 
roots, but Kunkel (1918) seems to be of the opinion that these were not 
the amoebae of Plasmodiophora. Whether the infecting amoebae are uninu- 
cleate or become several-nucleate before penetration into the host cells 
is relatively unimportant. There is no evidence of the fusion of myxa- 
moebae previous to penetration, as in Spongospora, and nuclear division 
must begin very soon after the amoebae have entered the host cell if it 
, does not begin earlier. 

The idea had generally prevailed that infection could take place only 
through young tissue of roots. Kunkel (1918) has presented rather con- 
clusive evidence that ^^old tissues are readily penetrated by the parasite 
and that root hairs are by no means necessary to infection. He was 
able to secure infections whether inoculations were made near to the root 
tips or at points far back from the regions producing the root hairs. 
Further, he w’-as able to produce typical clubs by making inoculations on 
rather old cabbage stems. When infection takes place through young 
roots, it is possible that the amoebse may penetrate through root hairs 
and other epidermal cells of the primar}^ cortex and pass on into the 
deeper tissues, but it seems probable that this method of penetration is 
not common, but rather that infection takes place through portions of 
roots from which the primary cortex has already been lost. 

Various workers have generally agreed that there are two methods by 
which the plasmodia may be spread throughout the affected root: first, 
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by the division of cells in which two or more amoebae are present; and, 
second, by the migration of plasmodia from cell to cell. First importance 
has generally been given to the former, with migration as secondary, but 
recently Kunkel has shown that, in the distribution of the parasite in the 
tissues, migration is more important than cell division. After the 
amoebse are within the cells they begin to increase in size and the nuclei 
divide, making multinucleate plasmodia which produce new plasmodia 
by division or separation. In this way a single cell may contain a con- 
■ siderable number of plasmodia. The amoebse penetrate into deeper-lying 
cells passing from one cell to another, at the same time migrating some- 
what along the longitudinal axes of the root, and finally reach the cam- 



Fig. 105. — A, cross-section of a root badly infected with PZasmodiopi'iora Smsszccc; 
B, cross-section of a young healthy cabbage root; (7, plasmodium yiassing through the 
end of a cell in the region of the cambium. {A and B after Woronm;’ C, after Kunkel, 
Jour. Agr, Res. 14^^ Plate 7QI.) 

bium. They also penetrate into cells on the inner face of the cambium, 
but migrate more rapidly in the cambium and thus spread the infectioil 
lengthwise from the original center of infection. The plasmodia then 
migrate from the cambium into adjacent tissues of cortex or medullary 
rays. Carefully prepared sections will show plasmodia passing through 
the separating cell walls of adjacent cells. As a result of the presence of 
the parasite certain cells are greatly increased in size, and cell division 
is stimulated, the stimulus extending beyond the cells actually occupied 
by the parasite, and in this way a swollen or distorted root is produced. 
A single, spindle-shaped club is to be considered as a morphological unit 
resulting from a single infection that occurred at some point near its 
middle, rather than as a result of multiple infections. 




Finally, some cells remain permanently infected, that is, the plasmodia 
do not migrate from them. These may be single, in longitudinal chains 
or in groups called “Krankheitsherde.” Affected cells may be crowded 
full of plasmodia, which are highly granular from the presence of reserve 
food material in the form of oil globules. Whether these plasmodia 
finally merge with each other does not seem to be quite clear, but by the 
time the parasite is ready to start spore formation the individual plas- 
modia are packed so closely together as to appear like larger fusion plas- 
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Fig. 106 . — Stages in spore formation in the plasmodium. The collection of the cyto- 
plasm around the nuclei is shown in B and E\ large vacuoles are shown in (7; D show’s the 
edge of a plasmodium about ready to form spores; A, plasmodium showing nuclear divi- 
sions preceding spore formation. (.After Luiman, VU Agr, Exp, Sta, Bui 176.) 


modia. In the formation of spores, the plasmodia become filled with 
large and small vacuoles, the cytoplasm collects around the nuclei and the 
whole mass is thus cut up into uninucleate masses which round off and 
surround themselves with protecting walls. The mature spores are 
always uninucleate, filled with minute oil drops and contain one or more 
small vacuoles. 

A single diseased root thus produces millions of spoies which are set 
free into the soil by its decay, and these are capable of infecting succeeding 
crops on the same ground or, the disease may be spread to new fields. 
There seems to be little evidence that the spores are wind borne, although 
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this might seem theoretically possible. The migration of the motile 
swarm spores in the soil is also believed to be a minor factor in the spread 
of the disease. It may be spread by soil carried on farm implements; on 
the feet of animals, by earthworms (Gleisberg, 1922), through the use of 
contaminated fertilizer, by drainage water flowing from contaminated 
soils to healthy fields or by the use of infected seedlings. 

Host Relations. — The statement is generally made that all species 
and varieties belonging to the mustard family (Cruciferas) are susceptible 
to club root. Although some reports have been published of the occur- 
rence of the disease on other than cruciferous hosts, these appear to have 
been due to confusing root swellings caused by nematodes (root knot) 
with the somewhat similar malformations caused by club root. The 
most complete tests of susceptibility were carried out by Cunningham 
(1914), using over 100 species belonging to 28 genera. In these tests 
extending through three seasons, the different species showed a variation 
from 100 per cent susceptible to 100 per cent immune. The 11 species 
that remained free from club root are rather rare and very seldom culti- 
vated. Practically all of our cultivated species showed a susceptibility 
to the disease: varieties of cabbage, cauliflower and brussels sprouts 
{Brassica oleracea), turnip {B . campestru) , rutabaga {B. mpa), rape (B. 
napus), various mus'tards {B. spp.)j rsbdish (Eaphanus sdtipus)^ pepper 
grass (Lepidium spp,), alyssum (Alyssum spp.) and various other less 
frequently cultivated species. 

Only a few of the more important cultivated species have been 
tested for comparative resistance of varieties. Of 13 varieties of cabbage 
tested by Cunningham in 1911, thefour showing the most resistance were: 
Hollander, 26.5 per cent; Stone Mason, 14.4 per cent; Large Late Flat 
Dutch, 9.9 per cent; and Early Jersey Wakefield, 9.4 per cent free from 
clubs when grown on heavily contaminated soil. The most susceptible 
varieties, like Mammoth Red Rock and Perfection Savoy, gave 100 per 
cent clubbed. Thirteen varieties of radish tested in 1912 and 1913 
showed Early Long Scarlet the most susceptible and Early Giant Stutt- 
gart and Early Scarlet Turnip the most resistant. Per cent of clubbing 
varied from 1.8 per cent in Early Scarlet Turnip to 92.3 per cent in Early 
Long Scarlet. Turnips and rutabagas were also tested, with the result 
that Sweet Gorman, White Swede, Early White Milan, Early Snowball 
and Purple Top Aberdeen can be counted as relatively resistant, while 
Southern Curled, Early Purple Top Strap-leaved and Improved Purple 
Top Strap-leaved may be classed as relatively susceptible. Turnips as 
a class are somewhat more susceptible than the rutabagas, although some 
varieties of turnips are more resistant than certain varieties of rutabagas 
(see also Gleisberg, 1923). 

Predisposing Factors, — Club root is especially favored by acid soils, 
as the organism seems to thrive best under such conditions. The exces- 
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sive use of acid fertilizers would therefore increase the probability of the 
disease becoming established in a field. Infection will apparently result 
at any temperatures at which susceptible hosts will grow, and Monteith 
(1924) concludes "that temperature is probably not a direct limiting 
factor in club-root development under field conditions.” The moisture 
factor is, however, of more importance. Experimental tests have shown 
that the disease does not develop when the moisture content of the soil is 
below 60 per cent of its water-holding capacity, but infection will occur 
when the moisture content of the soil varies between 50 per cent of its 
capacity and saturation, with heavier infection as saturation is 
approached. Increased moisture not only increases infection but pro- 
motes the decay by secondary organisms. It will thus be evident that 
low, poorly drained soils will predispose to the disease. 

Preventive or Control Measures. — The various practices bearing on 
prevention or control may be briefly enumerated : 

1. Sanitary 'practices designed to prevent the contamination of new 
areas. Diseased roots if fed to live stock should be thoroughly boiled 
before feeding, since the spores of the organism will survive passage 
through the digestive tract of animals, and might be carried to the fields 
with contaminated manure. When plants are grown in seed beds some 
method of sterilization should be practiced, especially if club root is 
known to be prevalent in the environment. Corrosive sublimate, 1 
ounce to 10 gallons of water applied five times to badly infested seed beds 
has given excellent protection (Chupp). Bremer (1923) has also reported 
good results from the use of uspulun. Consideration should also be given 
to the fact that soil from contaminated fields may be carried on culti- 
vators and the feet of horses, and such transport guarded against as much 
as possible. 

2. Crop Rotation . — Cabbages generally grow best on certain types of 
bottom land or muck soil, and since this type of land is restricted in area 
in many localities, there is a tendency to grow cabbages on the same land 
for a period of years. Under such conditions club root is likely to increase 
in severity until the entire soil becomes heavily contaminated. Since 
it has been shown that the club-root organism can live in a soil for 3 or 
more (6) years, a comparatively long rotation should be adopted in 
handling contaminated soils. Four or five, and preferably six years 
should intervene between cabbage crops and no cruciferous crop of any 
kind should be grown in the interim. Attention should also be given to 
the elimination of all weeds belonging to the mustard family. 

3. Use of Fertilizers . — Consideration should be given to kinds of 
fertilizers not to use as well as to those which may be used with profit. 
The immediate application of barnyard manure is favorable to the dis- 
ease, hence this fertilizer should be applied during the season preceding a 
susceptible crop, but not to a cabbage or turnip crop itself. The same 
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rule would apply if acid phosphate is to be used as a fertilizer. Since most 
soils in which club root becomes severe are distinctly acid, theu^se of lime 
has long been practiced with marked success, and should certainly be 
adopted for contaminated soils on which rotations of sufficient duration 
are not practical. Best results will be obtained by using 150 bushels of 
air-slaked lime per acre, worked into the soil to a depth of 6 to 9 inches 
previous to seeding or setting to crop. Cunningham reports an increase 
in yield of cabbage from 672 pounds per acre where no lime was applied 
to 23,082 pounds per acre when treated with lime at the above rate. 

4. Draino>ge. — Since an excess of moisture in the soil is favorable to 
the development of club root, low-lying or water-logged soils, whether 
acid or non-acid, should be thoroughly drained and the physical condition 
improved as much as possible. 
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I>OWI>ERY SCAB OF POTATOES 

/Spongfospora (Wallr.) John. 

Powdery scab is a disease that attacks roots, stems, stolons and tubers, 
producing small hyperplastic galls on the first three structures and small, 
circular, scabJike lesions or, more rarely, cankers on the tubers. Only 
parts that are underground are infected. Secondary rots may enter the 
tubers through the scab lesions. 

Various common names have been applied to the disease, such as 
corky end, corky scab, powdery scab, Spongospora scab and potato 
canker, but powdery scab has been most generally used, especially in 
America. The name is descriptive of the character of the lesions and 
serves to distinguish the trouble from the more widespread and common 
scab {Actinomyces scabies). In Germany it has been called ^'Karr 
toffelraude,^' '^Knollenbrand^Vand ^'Schorf’ or Grind'' at various 
times; in Sweden it is known as '^Skoro"; and in Ecuador as ''Cara," 
which is equivalent to the English word "scab." 

History. — The disease was first described in 1841 as occurring in Germany. 
Berkeley discovered the disease in England in 1846 in connection with his studies 
of late blight, and Brunehorst studied it in Norway in 1886, but did not then recognize 
it as identical with the trouble known to be in other countries. While the disease was 
spread more or less throughout Great Britain and on the Continent, it did not attract 
much attention until many years later. It is worthy of note that Eagerheini found 
the powdery scab in 1891 in Ecuador, where it seemed to be well known to the natives. 
In 1913 the disease was found in the United States on potatoes imported from both the 
Netherlands and Belgium, which would indicate that the disease was well established 
in those countries. Early in the spring of 1913 it was reported from a number of 
provinces of Canada by Giissow, and from Maine in 1913 and 1914 by Melhiis. Since 
then there have been sporadic occurrences of the disease in a number of the other 
northern states, from Maine to Washington and Oregon, and in one locality in Florida., 
but it has not spread in these localities to any great extent. The discovery of the 
powdery-scab organism in 1915 on potatoes from Peru lends additional support to the 
belief that the disease is endemic in South America. 

Following the discovery of the disease in Canada and northern Maine, a Federal 
quarantine was established to protect the other sections that were still free from the 
trouble. This quarantine prohibited importations of potatoes except under a strict 
system of certification. A few years’ study sufficed to show, however, that climatic 
barriers were more effective than the most rigid quarantines in preventing the spread 
of the disease throughout the United States, and the quarantine was lifted. 

S3nnptoms and Effects. — The disease appears first on very young 
tubers and is then evident as small, slightly raised pimples or swellings 
with a slight discoloration of the surface. The invaded tissue, when cut 
into, appears purplish. The swellings may occur in groups or patches, 
or they may be very well scattered over the surface of the tubers. With 
the progress of the disease, the swellings enlarge, and become somewhat 
more raised, resembling nodules. , Tlnally, the nodules or swellings break 
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down, leaving a cavity filled with a mass of brownish powder suiTOimded 
by the lighter-colored, frayed-out periderm or skin. These scab spots 
are usually circular or oval in shape, Me M i^ch in diameter, but gener- 
ally less than the maximum size. They may be few in number or so* 
numerous as to coalesce in groups and thus obscure their normal form. 
The circular form, the ragged margins of the periderm and the central 
powdery mass are characteristic features which seem to distinguish the 
disease from the common scab, in which the lesions are larger, more 
irregular in shape, sometimes raised, sometimes depressed, but always 
lacking the brown powder. The characteristic appearance of the lesions 
may be modified by friction in handling so that tubers examined in 
storage may have the top and the powder rubbed away, leaving only 



Fig. 107. — Powdery scab of potato showing characteristic appearance of open sori. {Af{er 

Morse, Maine Bui, 227,) 

slightly depressed, empty lesions. Some lesions may not have matured 
sufficiently to rupture the epidermis and in many such cases the brown 
powder may be recognized by breaking away the external covering. It 
has recently been claimed by Shapovalov (1923) that under certain con- 
ditions the lesions of powdery scab become aborted and never advance 
beyond the simple condition found on young tubers, and that these 
aborted infections have been described as ^^skin spot^^ due to Oospora 
piistulans. This opinion concerning . skin spot does not seem to have 
found acceptance by English workers. 

In severe attaclcs, especially in moist soil, a distinctly warty appearance may 
develop, quite different from the ordinary type of powdery scab. These warts 
are several times larger than the scab pustules already described, and are usually 
smooth and roundish, although somewhat irregular, varying in color from a light 
to a dark brown . . . and more frequently occurring at the terminal or “seed” 
end of the tuber (Morse, 1914). 
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It is stated that this '"warty condition of the tuber is not so evident 
after the tuber has been removed from the soil for some time, as the warts 
become flattened and discolored, so that raised, more or less chocolate- 

colored scars remain in their stead” (Horne). 

In the most severe form of powdery scab, the cankerous stage, there is 
actual destruction of the flesh of the tuber, leaving hollowed-out, eroded 
areas. These cankers appear to come beneath areas originally occupied 
by closely aggregated groups of sori of the typical form. The canker 
stage is generally due to growth in a wet, poorly drained soil, and has been 
produced experimentally. It is also favored by an excess of lime. The 
canker stage has not been found in the United States, but it has been 
reported from Canada and is not uncommon in the British Islands. 

The powdery scab affects other underground parts of the potato plant, 
producing white galls on roots, stolons and stems. These resemble 
bacterial nodules and vary in size from minute tubercles the size of a 
pinhead to others as large as garden peas. The extent to which they may 
be present may be illustrated by a single plant which showed 149 on the 
roots, 19 on nine stolons and 8 on three stems. The root galls do not 
appear to exercise any markedly injurious effect upon the growth of the 
plants, and may be present in certain cases when the tubers are entirely 
free from infection. 

The injury from powdery scab varies with the type of the attack. 
In mild cases, it consists only of surface scabbing, which disfigures the 
crop and depreciates its market value, with but little reduction of real 
value as table stock. The seed value of affected stock is greatly lowered, 
unless it is to be grown in areas climatically unsuited to the development 
of the disease (see Predisposing Factors). In such regions, very severely 
infected seed has given excellent results. In more severe cases of the 
common type as well as the canker stage, there may be heavy losses 
beginning in the field and extending into storage. It is reported that 
portions of some fields in Maine showed over 90 per cent of the hills 
affected, while there were several cases in which the infection ranged from 
50 to 75 per cent. 

The scab sori leave open wounds which permit more rapid loss of 
water, and serve as the avenues through which wound parasites may 
enter and cause rot or decay, while in certain cases the scab organism 
resumes activity and destroys cells adjoining the original lesion. Each 
of the factors may operate singly or in combination to produce effects 
which may he designated as powdery-scab dry rot. As a result of 
desiccation the tissues adjoining sori may become discolored, shriveled and 
shrunken. The renewed activity of the parasite destroys cells in the 
immediate vicinity of the sorus, producing a hard, dry spot H to I centi- 
meter in diameter and tp M centimeter in depth. This is apparently 
due to a behavior of the parasite similar to that which occurs in the 
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development of the canker type, but of a milder form. The entrance of 
wound parasites causes the most destructive type of powdery-scab dry 
rot. The bottom of the scab pits are protected by but little or no 
wound cork, so that penetration of fungi is relatively easy. In Maine, a 
species of Phoma, described as new (P. tuberosa)^ was the most common of 
the wound parasites. The lesions caused by this parasite are sunken, 
dark, often hard and bony, vary from 2 millimeters to 5 centimeters in 
diameter, may penetrate to a depth of 2 to 4 centimeters and, when 
removed, leave a clean smooth cavity which has suggested the name of 
^^button rot.” Other rot-producing organisms, especially bacteria and 
various Fusarium species, may enter the Phoma lesions and complete the 
destruction with some confusion of symptoms. 



Fig. 108. — Section through a powdery-scab sorus -showing disintegrated tissue and num- 
erous spore balls. (After Melhus et at, Jour. Agr. Res. 7 , Plate 12^1.) 


Etiology. — Powdery scab is caused by >Spon^ospora subterranea (Wallr.) 
John., one of the slime molds or Myxomycetes. While the organism has 
been recognized as a parasite since the work of Wallroth in 1842, it was 
some years before its true character was understood. It was first named 
Erysibe subterraneay and even as late as 1850 it was considered one of the 
smut fungi by Berkeley, as indicated by the name which he gave it, 
Tuhurcinia scabies. In 1877, Fischer von Waldheim transferred the 
organism to Sorosporium, and it was not until the work of Brunchorst 
in Norway in 1886 that it was correctly placed in the Myxomycetes. 
Although but few parasites are found among the slime molds, there is no 
doubt that Spongospora subterranea is an active parasite and responsible 
for the symptoms and effects characteristic of powdery scab. 

The powdery contents of the scab sori* consists of numerous minute 
brown bodies known as spore balls, which are in reality collections of 
spores held together in more or less sponge-like, spherical or ovoid 
masses, varying in size but averaging about 50 ac. Under favorable 
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conditions these spores of the ball (all or part of them) may germinate. 
The germination has been observed by Kunkel on artificial media and it 
seems probable that the spores will behave in a similar way in the soil or 
on the surface of young developing tubers. Each cell of the spore ball 
may produce a single, small, hyaline, uninucleate amoeba which generally 
escapes through an opening in the spore wall, leaving the spore ball 
intact, but in some cases the entire spore ball disintegrates, setting free 
as many amoebse as there were cells in the spore balls. These amosbse are 
actively motile and soon crawl away from the spore ball from which they 
are produced. Under dry conditions, these amoebas round up and 
become surrounded by a thick, rough wall, or become encysted, in which 
state they are resistant to conditions which would be fatal to the naked 



Fkj. 109. — Mature spore balls in an enlarged host ceil. (After Oshoim.) 

amoebse. With the return of favorable conditions, these cysts or resting 
cells may gejminate and set free the amoebse again. This behavior will 
explain how the parasite may persist in the soil from yesn to year. 

The exact manner of infection has been a disputed point, and until 
the work of Kunkel it was claimed by Osborn and others that single 
amoebse entered the host cells and later coalesced to form plasmodia. 
According to Kunkel, numerous amoeba external to the host coalesce to 
form a plasmodium which becomes the infecting body, which then passes 
down through and between the epidermal cells. 

Usually a considerable number of ceils are killed at the point where the plas- 
modium enters. Once beneath the epidermis, it spreads out in ail directions 
and forms a rather flat, disk-shaped mass which separates the epidermis from the 
tissue beneath. In this way it comes to occupy a space between the uplifted 
epidermis and sound tissue beneath. Soon,* however, a number of projections 
of pseudopodia begin to extend downward, push in between the cells of the sound 
tissue and seem to crowd theta apart. 
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Small strands of protoplasm, the infecting pseudopodia/^ are pushed 
through the softened walls of the host cells, and in some manner become 
separated from the remainder of the plasmodium. Shortly after the cells 
become infected they enlarge and elongate radially to five to ten times 
normal size, forming giant cells which are responsible for the raised con- 
dition of young lesions. Ultimately the giant cells are cut up into smaller 
cells, which are all infected. Finally each nucleus of the intracellular, 
multinucleate plasmodium organizes a spore, and these become grouped 
to form the characteristic spore balls. There will then be left in the sorus 
a group of spore balls, mingled with fragments of old cell walls of host cells 
or other remains of host cells. It may be noted from this account that 
the first effect of primary invasion by the plasmodium is the stimulation 



Fig. 110. — A semidiagrammatic drawing of a section through a very young sorus, 
showing the infecting plasmodium as it pushes down between the cells. (After Kunkel, 
Jour. Agr. Res. Plate 29, Pig. Z.) 


of the young cells of the tuber to increased cell division, and that later 
these cells are killed by the plasmodia which become intracellular. In 
these primary infections, the action of the parasite seems to be limited to 
a small group of cells. 

The plasmodium dry rot which always starts around old sori is due to 
secondary invasions by plasmodia formed from the germination of spore 
balls in the base of the sorus. In such cases, the old cells of the tuber with 
which the plasmodium comes in contact are not stimulated to a new 
growth, but are quickly killed. The plasmodium enters a cell, consuming 
its cytoplasm and nucleus and then passes on to the next, leaving behind 
it a mass of broken-down cell walls, starch grains and other debris. In 
this way the dry rot advances by the direct killing effect of the plasmodia, 
rather than by the production of toxic substances which diffuse into the 
cells in advance of the line of attack. 

The source of an infection is likely to be due to (1) the planting of 
affected tubers; or (2) to planting clean tubers in a previously contami- 
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nated soil The spore balls carried by infected seed tubers germinate in 
the soil under the same conditions as the seed, and plasmodia are produced 
which may cause the infections in the manner outlined above. Spore 
balls generally remain dormant during the winter, but in the spring many 
will germinate, and under favorable conditions the plasmodia are prob- 
ably able to lead a saprophytic life if a susceptible host is not available, 
or under conditions of stress single amoeba) may become encysted as 
resting spores and so prolong the life of the parasite. It is uncertain how 
long the powdery-scab organism is able to live in the soil, but English 
authorities believe that they have evidence that a new crop may be 
infected after a lapse of 3 to 5 years. 

Predisposing Factors. — Careful study of the powdery-scab disease 
has shown that infection only takes place under favorable climatic condi- 
tions. The essentials for infection seem to be rainfall periods during 
the young stages of tuber formation, followed by cool, damp, cloudy 
weather. If in addition the soil is poorly drained, the chances of infection 
are increased. The proper temperature, coupled with the right moisture 
conditions, must be provided for infections to take place. It seems that 
the favorable relations are only found in American sections near the 
Canadian boundary and farther to the north, with the possible exception 
of one locality in Florida where winter potatoes are grown. It is worthy 
of note that heavily infected seed planted at fifteen different places on 
the Atlantic Coast from Massachusetts to Florida, and at six different 
points in Washington from Everett southward, yielded an absolutely 
clean crop. These and other experiences point to a very effective cli- 
matic barrier to the spread of the disease. 

Host Relations. — For many years the potato was supposed to be the 
only host of Spongospora subterraneaT hut the discovery of galls on the 
roots, stolons and stems of the potato led Melhus to test the susceptibility 
of other species of Solanacese. ‘ Of 16 species planted in contaminated 
soil, seven developed infections, and it is significant that the tomato was 
one of the susceptible varieties. In no case were mature spore balls 
produced in any of the root galls, but this was attributed to the shortness 
of the season. Solarium nigrum, a common weed, remained free from 
infection. 

There seem to be marked differences in the susceptibility of different 
potato varieties, but it is uncertain whether any are immune. In plant- 
ing tests in Maine in 1915, four named varieties and seven seedlings 
remained free from infection, and some varieties showed very slight 
infections, while others ^ere severely affected. Since the control plant- 
ings of the variety, Green Mountain, showed very wide fluctuations in 
the per cent of infection, it is believed that the variation in varietal 
response was not due entirely to resistance, but rather to the fact that the 
tubers of certain varieties escaped infection. 
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Control Practices. — The following control practices may be empha- 
sised: 

1. Select potatoes free from the disease for seed purposes in regions 
climatically favorable for the disease. 

2. Avoid contaminated land. In fields known to be infested, a long- 
rotation (3 to 5 years or more) should be followed as a means of starving 
out the parasite. 

3. If contaminated land must be used, heavy applications of sulphur 
up to 900 pounds per acre will very materially reduce the disease. Atten- 
tion to drainage of the land may also be beneficial. Lime should not be 
used, as it increases the severity of the disease. 

4. Infected seed or tubers suspected of being contaminated should be 
disinfected. No treatment of infected seed has given perfect control, 
but best results have been obtained by using hot formaldehyde, 2 pints 
to 30 gallons of water at 46 to 50^C. for 5 minutes, or mercuric chloride, 
4 ounces to 15 gallons water at 44 to 45°C. for 5 minutes. These treat- 
ments have given better results than the standard long, cold treatments 
with either formaldehyde or mercuric chloride. 

5. Attention should be given to all possible sanitary practices to guard 
against the introduction or spread of the disease. It should be borne in 
mind that the spore balls may be carried by contaminated bags or other 
articles which have come in contact with infected tubers or with con- 
taminated soil. Farm implements or contaminated manure may harbor 
the organism. Infected tubers or parings may be boiled and fed to hogs. 
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CHAPTER XV 


THE CONDITION OF A FUNGUS IN OR ON THE 
SUBSTRATUM 

The Life Phases of Fungi.— Fungi like other plants show two phases 
in their life period. When a fungus begins growth on a given substratum 
its first activities are directed to the procuring (absorbing) of food and 
the building up of the fungous body, while the formation of specialized 
structures for the production and dissemination of new individuals follows 
as soon as the fungus body has obtained a certain size, vigor of develop- 
ment or age. The condition of a fungus in or on the substratum may be 
then either in one of the vegetative stages or the purely vegetative struc- 
tures may have given rise to specialized reproductipe stages or structures. 

The object on or in which a fungus establishes itself may be designated 
as its substratum. This may be the humus of gardens or fields, the dead 
remains or products of animals or plants, an artificial medium, another 
living plant or animal or portions of such living organisms— in fact, any 
material which will furnish the necessary food. 

Host and Parasite. — The plant pathologist is concerned primarily 
with fungi for which the substratum is a living plant or some organ or 
part of a living plant. The substratum may then be designated as the 
host (also suscept) and the fungus as the parasite which preys upon it. 
The fungus is simply carrying out its normal physiological processes — 
taking food from its host, growing and finally producing its reproductive 
structures. In this development it produces more or less serious disturb- 
ances in the life of its host, or disease in slight, pronounced or severe form 
is the result. 

VEGETATIVE STAGES OR STRUCTURES 

Hyphse and Mycelia. — The typical fungous body consists of a delicate, 
branched, tubular or filamentous structure, the mycelium^ microscopic 
in size or barely visible to the unaided eye. These mycelial threads or 
hyphcB may form an interlacing tangle, or a loose, woolly mass or they may 
be densely interwoven or even compacted into solid bodies. The hyph^ 
of a given fungus are either septate or non-septate^ that is, divided by 
cross-walls or partitions at intervals or entirely deviod of cross-walls, and 
so distinctly tubular in character. Certain groups of fungi produce only 
non-septate hyphse, while other groups exhibit only septate hyphse of 
characteristic form and size. In working with fungi it is therefore of 
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importance to determine first the septate or non-septate character of the 
hyphsB. While the typical fungous body is of the nature described, 
certain fungi may consist of only a single globular cell no larger than 
individual cells of a hypha. These simple fungous bodies may represent 



Fig. 111. — Outline dingram of a spore of Penicillium and stages in its germination to form 
hypha3 and a young septate mycelium. {Adapted from Lafar.) 

primitive forms that have not yet organized a more complex plant body, 
or the}?^ may represent degenerates from more high specialized ancestors. 

A parasitic mycelium may be either exprnal or internal^ that is, it may 
develop on the surface of its host, or it may grow within the tissues of its 


A 



Fig. 112. — A, young cell of a hypha, showing a highly vacuolate cytoplasm; B, an old 
cell with a single central vacuole and peripheral cytoplasm. 

host. External mycelia generally appear as delicate whitish, cobweb- 
like threads making an interlacing tangle or as sooty brown or black 
threads of similar character on the surface of leaves, stems or fruits. 
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Such mycelia are very characteristic of the powdery mildews and the 
sooty molds. Internal mycelia are confined to the intercellular spaces of 
the host tissue or penetrate into the interior of the host cells. These also 
may be clear or hyaline or smoky to dark brown in color. As they ramify 
through the host tissue, they are apparent to the unaided eye only when 
aggregated into dense masses. The presence of hyphse within the 


Fig. 113. — The mycelium of the silver-leaf fungus {Stereum purpureum) growing on agar. 


invaded tissues of blighting leaves or rotting fruits can only be demon- 
strated by microscopic examinations. 

When a mycelium begins to spread from a point or focus in which it 
is established, it shows a tendency to grow radially in all directions, and 
thus occupy an ever widening 2Jone. This tendency is very frequently 
interfered with by the character of the substratum on which or in which 
the mycelium is developing. This peculiarity is manifested by both 
saprophytic and parasitic forms. Fungus ^Tairy rings are the fruiting 
bodies developed on or near the periphery of an advancing mycelium, 
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which is concealed within the soil. Many fungous leaf spots are dis- 
tinctly circular, due to the manner of growth of the internal mycelium, 
while rotting areas on fruits show a circular surface outline for the same 
reason. Fungous invasions of the bark of woody hosts generally develop 
slightly elongated or somewhat elliptical lesions or affected regions, due to 
the fact that the lengthwise advance of the mycelium is more rapid than 
the transverse growth. 


Mycelial Plates or Fans. — In woody hosts and in some herbaceous 
hosts the mycelium becomes dense and compact and forms whitish pockets 



Fig. — Piece of timber infested witH the mycelium of P. sulphureus. The white 

masses of fungus fill up the rings and rays produced by their “rotting*’ action. {After 
Hariig.) ■ ■ 


or radially or longitudinally elongated white plates or bands which are 
very evident when the invaded structures are cut open or broken. Such 
mycelial plates are especially characteristic of several rots of coniferous 
trees, such as the pines and spruces, where they occur within the dis- 
integrating wood. The serious chestnut blight of the eastern United 
States is caused by a fungus which makes its greatest development in the 
inner layers of the bark or in the cambium, where very characteristic 
tawny sheets of mycelium spread out in fan-like forms. 

Mycelial Strands or Rhizomorphs*— The hyphse of a mycelium are 
sometimes aggregated in the form of cord-like or thread-like strands, 
which are in reality fungous cables. Such mycelial strands vary from 
slender threads to others that are equal in diameter to good-sized strings. 
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.The strands generally branch more or less and may frequently 'fuse to 
form a network. In some forms they are white and very conspicuous 
while in other cases they are tawny or even dark brown. 

The honey agaric which is responsible for the so-called mushroom root 
rot of numerous hosts, especially fruit and forest trees, is frequently called 
the shoestring fungus, because of its brown root-like strands which mingle 
with the roots of the host or run over their surface. Mycelium from these 
strands penetrates the bark and wood of roots or crown and causes the 
fatal disintegration or rotting of the tissues. On account of their root- 




Fia. 114B.— Piece of timber completely destroyed by P, sidplmreus, the mycelium of 
which fills up the cre\dces as a white felt. (After Hartig.) 

like character these rhizomorphs frequently pass unobserved, but to one 
who becomes familiar with their appearance they offer a certain means of 
determining the presence of root rot in suspected cases. 

^ While these fungus strands may store up some food, they are not 
primarUy storage organs, but serve rather to bring the fungus to new 
hosts or to new parts of the same host and thus widen or enlarge the area 
occupied. In this way the fungus may spread from a single diseased tree 
to adjacent trees by a natural growth. It is undoubtedly true that in 
orchard practice fragments of rhizomorphs may be tom loose in cultivat- 
ing and carried away to other parts of the field. 




CONDITION OF A FUNGUS IN OR ON THE SUBSTRATUM 375 


Sclerotia or Storage Organs. — Some fungi have developed the habit 
of producing dense compacted aggregates of hyphae which become filled 
with food materials in the form of oil and other compounds. These 
structures vary in size from those that are hardly visible to the unaided 
eye to others that are as large as a cantaloupe or even larger, and are 


•Ehizomorphs or fungous strands of the shoestring fungus {Armillaria mellea) 
{After Freeman, Minnesota Plant Diseases.) 


called sclerotia j the term being derived from the Greek work meaning hard. 
Sclerotia are generally more or less rounded, elongated, cylindrical, 
globular or ellipsoidal masses, but they are sometimes more or less flat- 
tened and irregular in form. In many eases they are dark colored, either 
on the surface or throughout the entire aggregate of cells. In parasitic 





MANUAL OF PLANT DISEASES 


fungi, they are formed either upon the surface of host parts, concealed 
between rotting leaves or within internal cavities. Selerotial formation 
is not peculiar to parasitic fungi, but some saprophytes, like the carrion 
fungi and pore fungi, produce underground storage organs of considerable 
size. The so-called “ Tuckahoe Indian Bread ” of the southeastern states 
is supposed to be a large sclerotium. 

A few examples of selerotial formation by parasitic fungi which show 
interesting adaptations wiU be noted. In many regions potato tubers 

^ . ■ ■ . _ _ “dirt that will not 

I ' / , T^ash off” are of very common 

I '■ ' ■ -f ' occurrence. These brown or 

1 black, hard masses which 


F y\ » ; which is responsible for the 

1 \ S ** Rhizoctonia disease of potatoes 

ft \k and many other hosts. Alfalfa, 

m W 4 clover, beans and some other non- 

'■ I if leguminous hosts when suffering 
» a I Rear a disease known as wilt 

l\M i produce on the crown or roots, or 
t tlie pith cavity of the basal 

i portions of the affected stems, 

rounded or elongated, seed-like 
bodies, black without but whitish 
within, which are the storage 
^ ■ organs or sclerotia of the wilt 
. fungi (Scleroiinia spp.). 

■M The ergots of rye and other 

, . ' grasses are elongated, cylindrical, 

■ black or purple, horny sclerotia, 

tho ^-iit fungus (Sde- normal 

on alfalfa plants. grains. Some fungi that are 

parasitic on insects show a very 

nt. The fungus gains an entrance into the body of 
the caterpillar fungus fills up the entire larval body 
s of fungous tissue which replaces the normal host 
arva is killed and the “fungus caterpillar” or cast 

reality, storage organs filled with the special kinds of 
ir to the species of fungus by which they are formed, 
vegetative structures, they serve essentially the same 
f many fungi as spores, for they are able to withstand 
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adverse conditions which would prove fatal to ordinary mycelia. In the 
sclerotial condition fungi are able to endure extreme desiccation, or long 
periods of high temperatures or the rigors of winter. Attached to host 
parts, such as seed or prppagating stock, or mingled with the soil or seed, 
sclerotia are frequently very effective means of the dissemination of 
parasitic fungi. 

There is great variation in the behavior of sclerotia. Those of 
Rhizoctonia reproduce the fungus by the production of new vegetative 
hyphsc when favorable conditions for growth are offered; the sclerotia of 
wilt and other Sclerotinias after passing through a winter period give rise 
to apothecial fruits, while the ergots of rye and other grasses develop new 
structures, which in their turn produce perithecia. 

REPROBXTCTIVE STAGES OR STRUCTURES 

The common reproductive structures of fungi are very small bodies of 
microscopic size, the spores, which are either cut off from hyphse or pro- 
duced by specialized structures known as spore fruits. Some fungi have 
retained a very simple method of propagation which does not involve the 
formation of specialized spores. The production of new cells, by a proc- 
ess of budding as in the yeast plant, essentially similar to the parent cell, 
is a primitive type of reproduction, which is retained by some of our 
parasitic fungi, notably some smuts, at certain stages in their life cycle. 

A. Spores 

General Characters. — A spore is generally one to several specialized 
cells which serve the purpose of disseminating and reproducing the fungus. 
A single spore under proper conditions of temperature, moisture and host 
relations may start the development of a new fungous body, a mycelium. 
From the standpoint of function or the part which they play, spores are 
the seeds of the fungus, serving the same purpose for fungi as the true 
seeds do for flowering or seed plants. Spores vary greatly in size, and 
form and may be either clear or dark, varying from slightly smoky to 
almost black. The micron or micromillimeter (Kooo millimeter) is the 
standard unit for spore measurement, the smallest forms being 
or less in diameter, while in a few cases they may reach 1 millimeter or 
slightly more. In form they may be globular, ellipsoid, ovate, cylindric, 
filamentous, club shaped, star shaped, etc. 

Sexual and Asexual Spores. — Spores may be formed as the result of 
a breeding act, that is, the union of two separate and distinct cells or 
elements (gametes) which represent male and female. Spores of this 
type may be classed as sexual, whole those which are formed direct from 
hyphse without the intervention of a breeding act are asexual, or without 
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sex. It is undoubtedly true that asexual methods of spore formation 
were the most primitive, while sexuality was a later acquirement. 

Kinds of Spores. — Considerable variation is shown in the structure 
and origin of spores and special names are used for the different kinds. 
Chlamydospores are formed by the direct transformation of certain cells 
of a hypha, without the production of specialized spore-bearing branches. 
Only scattered cells may be organized as spores (Mu cor species) or the 
entire hypha may be used up in spore production (Smuts) . Swarm spores 
or zoospores are naked protoplasmic masses provided with delicate vibra- 



Fig. 117. — Diagrams of various forms of spores. 


tile filaments or thread-like processes, the cilia, by means of which they 
are able to swim about. It is this power of locomotion which has sug- 
gested the name zoospore, or animal spore. The cilia, or organs of loco- 
motion, are variously arranged, different species or groups of fungi 
showing one, two or a tuft of polar cilia, or they may be numerous and 
distributed over the entire surface of the spore. Certain swarm spores 
show a very characteristic kidney shape,- with two cilia originating 
at the suture. All other spores are provided with a definite cell wall or 
membrane, and in many formsdt is variously modified or thickened. 

Conidia is a general term applied to spores which are pinched off or 
cut off from the ends of special spore-bearing hyphae, known as conidio- 
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phores or conidia bearers. Such spores may accumulate in clusters or in 
chains, and when in chains the terminal spore of the series may be the 
oldest in one case, while the basal spore is the oldest in others. There 
are many different kinds of conidia. Ascospores are produced within a 
sac-like or club-shaped structure, the ascus. In a young ascus there are 
two nuclei which soon fuse to form a single nucleus. In a typical ascus 
this nucleus soon divides into two, each dividing again to produce four, 
while the number is again increased by division, the final number being 
eight. Each one of these nuclei organizes a spore by surrounding 
itself and some of the adjacent ascus contents with a protecting cell wall. 
The result is a definite number of ascospores enclosed within the parent 
cell. There may be a deviation from the typical number of spores in some 
cases, one, two, four or sixteen being the common exceptions. Where 
there is an odd number of spores in an ascus it is due to the degeneration 
of one or more of the nuclei. The production of ascospores is character- 
istic of one great group of fungi, the ascomycetes or sac fungi. In certain 
of the higher fungi, like toadstools, shelf fungi, puff balls and related 
forms, spores are produced on structures very similar to asci in form, but 
called basidia. The spores, the hasidiospores, instead of being produced 
within the structure, are developed on the tips of either two or four (rarely 
more) slender terminal projections (sterigmata). The number of spores 
is always definite and limited, a single spore being produced on each ste- 
rigma. In certain forms the basidia differ from the typical form by being 
divided lengthwise into four cells, each of which bears a spore, or they 
may be filamentous and divided transversely into four cells, each of which 
forms a spore. This later condition prevails in the true rust fungi, the 
basidium being designated as the promycelium and the spores as sporidia. 

A spore formed by the union of two equal and similar gametes is called 
a zygospore. This is well illustrated in certain species of black molds. 
In bringing about this union or conjugation^ adjacent hyphse produce 
lateral branches, which approach each other in pairs, separate off a 
terminal multinucleate gamete from each, which fuse and form a thick- 
walled spore. In this case the two gametes which unite are equal in size 
and similar in behavior, so that male and female cannot be recognized. 
These gametes are, therefore, designated as positive and negative. Two 
positive gametes or two negative gametes would not have affinity for 
each other and could not unite to form a spore. 

When the gametes which unite are of unequal size, the resulting spore 
is called an oospore and the union is designated fertilization. The large 
gamete, the female cell, is passive, while the small gamete, the male cell, 
is active. This type of spore formation is well illustrated in the white 
rust of Crucifers (see description under this disease); In the formation of 
both zygospores and oospores nuclei of positive and negative gametes, 
or male and female gametes, fuse as the final act in conjugation or 
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fertilization. Both zygospores and oospores are thick- walled resting 
spores which may carry the fungus over an unfavorable period. 

The special types of spores peculiar to the true rust fungi will be 
reserved for consideration in the treatment of that group. 

B. Spore Fruits 

General Characters. — In the simpler forms of spore production/ the 
spores are cut off from the ends of specialized, free, aerial branches or 
conidiophores, or organized within the interior of specialized cells called 
sporangia, these spore-bearing branches being produced direct from the 
mycelium. With further development there is the organization of 
definite complex aggregates of spore-bearing hyphae, frequently sur- 
rounded by more or less supporting and protecting tissue. It is these 
complex aggregates which can with real propriety be designated as spore 
fruits, since they are highly specialized structures adapted to spore pro- 
duction, protection and dissemination. Aerial conidiophores and 
sporangia represent a more primitive condition before the organization of 
the more complex spore fruits. 

Kind sof Spore Fruits . — Aerial conidiophores are special branches of 
the mycelium set apart for spore production. They may be simple or 
variously branched, single or in groups or tufts and extend upward from 
the substratum so as to facilitate the separation and setting free of the 
spores. This type of spore production is very characteristic of the 
summer or conidial stage of powdery mildews, certain downy mildews 
and many forms of imperfect fungi. 

The aerial conidiophores may arise singly from vegetative hyphse 
either on or within the substratum. In the case of leaf parasites it is not 
uncommon for one or more to emerge to the exterior through a stomatal 
opening, thus forming conidial tufts or fascicles. Each spore-bearing 
branch may give rise to a single spore only or an indefinite number may 
be produced, which become grouped in chains or clumps or are detached 
as soon as mature. When chains of spores are formed, either the proxi- 
mal one or the distal one may be the youngest. A conidiospore may be 
cut off from the end of the conidiophore by a cross-septum, or it may 
develop as a bud-like outgrowth from the conidiophore or from another 
spore. 

In some of the imperfect fungi dense fascicles of erect conidiophores 
may be grouped together, thus producing a fruiting body known as a 

motile spores; H, stages in the formation of uniciliate swarm spores from a sporangium; 

/, a zoosporangium from which biciliate swarm spores have been formed; /, typos of 
swarm spores; K, stages in the development of a zygospore from the union of equal and 
similar cells (gametes); I/, two types of oospore formation characteristic of white rusts 
and downy mildews; M, four types of origin of conidia; iV, stages in the development of 
asci and ascospores; o, P, three asci showing different arrangement of the ascospores; E, 
stages in the development of a basidium and basidiospores; S , T, two other types of basidia. 
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corernium, composed of a sterile stalk of parallel liyphae and a terminal 
head of fertile or spore-bearing branches. This is the common or normal 
type of fruiting body for some fungi, while in others it appears to be 
induced by environmental conditions. 

Sporangia are generally borne on aerial hyphse which bear the same 
relation to the substratum as conidiophores. The special cell which is 
destined to form spores is separated off from the free end of the hypha by 
a cross-wall and organizes within its interior an indefinite number of 
spores, which are later set free by the breaking of the sporangial wall or 
through a special opening. In strictly aquatic fungi the sporangia form 
swimming or swarm spores adapted for life in the water, while terrestrial 
species may form only non-motile spores adapted to air or wind dissemina- 
tion. Some terrestrial species very closely related to aquatic ancestors 
have retained the swarm-spore habit — for example, the white rusts and 
some of the downy mildews. 

In certain fungi the spores are grouped in small or large masses or 
clusters to which the name sori, which really means little heaps, is 
applied. The whitish spore dots or pustules of the white rusts, and 
spore dots or pustules of the red or black rust stages of the true rusts, are 
designated as sori, while the term is also applied to the much larger, black, 
powdery spore masses of the smut fungi. A single sorus is a group of 
either spores alone or spore-bearing hyphae or stalk cells with spores 
which may sometimes be mingled with sterile filaments. Sori may be 
naked or covered, that is, they may remain covered with some of the 
host tissue, or the spore masses may be exposed to the surface so as to 
appear granular or powdery. The red powder which is abundant on the 
leaves and stems of badly rusted wheat or oats or other cereals originates 
from numerous sori which break out through the host tissue. The smut 
dust which comes from a threshing machine working on heavily smutted 
grain is due to the breaking up of the smut masses or sori, the dust par- 
ticles being either single spores or groups of spores. Many of the true 
rust fungi also produce small, flask-shaped fruiting bodies, the pycnia or 
spermogonia embedded in the host tissue, generally leaves. These appear 
on the surface as minute specks or pimples barely visible to the unaided 
eye. The inner wall is lined with numerous hyphal branches which 
separate off minute, bacteria-like bodies known as pycniospores or 
spermatia. Although these structures appear in the life cycle of many 
rust fungi, they seem to have lost their function, as they play no essential 
r 61 e in the life of the fungus. 

Certain species of the true rusts form another type of fruiting body 
which appears soon after the pycnia and generally in connection with 
them. In the most typical form of these oecia or midia^ there is a mass of 
closely packed, yellow- or orange-colored spores borne within a cup-like 
structure composed of specialized but sterile fungous cells. The sur- 
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rounding membrane may be toothed, lacerate or cut into long lobes, 
irregular or entirely absent. The ®cia are generally produced in groups 
or clusters, which with the cupdike form has suggested the name "'cluster 
cup/' which is frequently applied to this spore stage. The mios]) ores j 
when mature, readily rattle out of the little cups and are borne away by 
air or wind. 

The pycnidium (pycnid for short) is a type of fungous fruit that is 
peculiar to certain imperfect fungi or may occur in the life cycle of some 
sac fungi. In typical form it is a more or less globular structure, 
embedded in the substratum and opening out to the surface by a pore 
known as the ostiole. The wall of the pycnid generally consists of one to 
several layers of fungous cells with simple or branched conidiophores lin- 
ing its inner surface. Spores are produced in large numbers from these 
conidiophores and either accumulate within the pycnid or are forced out 
through the ostiole. These pycnospores frequently accumulate in sticky 
masses over the pycnid or are forced out in long coils or tendrils. These 
tendrils or spore horns” vary from those of microscopic size to others an 
inch or more in length. These spore threads are frequently hard and 
horny when dry, but when soaked by rains become soft and permit the 
separation and washing away of the spores by solution of the mucilagi- 
nous matrix in which they are embedded. Pycnidia are generally minute 
structures, barely visible to the naked eye as pale, smoky, black or even 
colored bodies immersed in the substratum or resting on its surface. 
They may be embedded in an aggregated mass of fungous tissue known as 
a stroma. 

The acervulus (plural acervuli) is a type of spore fruit that is peculiar 
to the Melanconiales, a group of imperfect fungi, and appears in the life 
cycle of some sac fungi. In typical form it consists of a saucer-shaped, 
depressed structure which bears conidiophores over its exposed surface 
and sets the spores free by rupture of the superficial cell layers of the host. 
Acervuli are comparable to pycnids in size and in the manner of spore 
production and liberation. The basal matrix which bears the conidio- 
phores, and is comparable to the pycnidial wall, may be well developed 
and very evident, or it may be almost lacking. 

Certain other conidial fruits, the sporodochia (singulai’, sporodochium) 
are very similar to the acervuli, except that there is a development of a 
pronounced stroma-like cushion of fungous tissue, which breaks through 
the host tissue and bears conidiophores over most of its exposed surface. 
Sporodochia may also be seated in a mass or tangle of mycelium, which 
has become superficial. The spores may accumulate in sticky masses or 
they may be dry and powdery. 

In some of the more primitive sac fungi, the asci or spore sacs are 
arranged side by side in an extensive layer over the surface of host parts 
without being collected in definite fruiting bodies (leaf-curl fungi). A 
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Fig. 120. — Semidiagrammatic drawings of ascigerous fruits and simple ascus-forming 
fungi. A, surface and sectional view of a closed ascocarp of Aspergillus, with a single 
enlarged aseus; B, habit sketch, surface view with escaping asci, enlarged ascus and section 
of a perithecium of a powdery mildew; C, vertical section of a typical ostiolate perithecium ; 
D and E, sections of stromata with immersed perithecia; F, habit sketch of typical perith- 
ecia; (?, section of a perithecium with long neck showing how the asci are released and forced 
up to the ostiole for the discharge of spores; section of a perithecium showing the manner 
of elongation of asci through the ostiole for the expulsion of the ascospore; J, two types 
of asci, one with terminal sphincter, the other terminal canal, structures used in spore dis- 
charge; J, four types of apothecia or fruits of cup fungi; K, section of a sessile apothecium; 
L, section of a stalked or stipitate apothecium ; AT, asci and paraphyses, or sterile filaments 
from a typical apothecium, showing one empty ascus with the lid separated; N, O, vege- 
tative yeast cells and sporulating cells or simple asci; P, asci of a simple filamentous fungus, 
Endomyces; Q, leaf of peach a:ffected by leaf curl, or Taphrina deformans; R, asci from the 
surface of the same leaf. 
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closed ascus or ascigerous fruit, the cleistothecium (also called a perithe- 
cium) is characteristic of the powdery mildews. It is developed immedi- 
ately following the union of male and female gametes, the product of the 
union growing at once into a new structure rather than organizing a 
definite resting spore. The ascus fruits are borne in the superficial 
mycelium and appear as minute, globular or slightly depressed black 
bodies easily visible to the unaided eye. A single fruit consists of a 
surrounding envelope of brown, sterile fungous cells which completely 
encloses one or more asci. Sterile threads or hyph® known as appendages 
extend out from the cleistothecium wall and exhibit characteristic forms 
in different generic types. The ascospores are not discharged until the 
warm spring rains, when the wall of the spore fruit ruptures and exposes 
the asci which burst and forcibly eject the ascospores. 

The typical perithecium (plural perithecia) resembles a pycnidium in 
the form, size and character of its wall and exhibits a similar opening or 
ostiole. It is then a more or less flask-shaped body of fungous tissue 
enclosing a group of elongated or club-shaped asci which arise from a 
basal aggregate of cells. Mingled with the asci there may be sterile 
slender filaments, the paraphyses, but these structures are not always 
present. Perithecia may be borne singly or in closely associated groups, 
either immersed in host tissue or superficial, or they may be aggregated in 
compact masses of fungous tissue, or stromata. Some forms show no 
definite perithecial walls but appear as cavities in an undifferentiated mass 
of parenchyma-like tissue. Ascospores are sometimes set free from the 
perithecium in sticky or gelatinous masses, but in most of the parasitic 
species they are forcibly expelled. In a typical case an ascus elongates 
and pushes its tip through the ostiole. A strong hydrostatic pressure is 
developed within the ascus, and this finally ruptures the ascus wall or 
forces an opening. With the sudden release of pressure the charge of 
ascospores, eight in number, is shot out into the outside air. The old 
ascus wall then collapses and another ascus is pushed up to the ostiole 
and the process of spore discharge is repeated. This expulsion then 
continues until all of the asci have liberated their spores. 

The apothedum is a third type of ascus fruit and in its typical form 
consists of a disk-like, saucer-shaped or cup-like body, seated on or in the 
substratum or raised on a long or short stalk or stipe. The exposed flat 
or concave surface consists of an extended layer of cylindrical asci, 
closely packed side by side (the hymenium) and generally mingled with 
more slender sterile hyphse, the paraphyses. The wall of the disk or cup 
is made up of supporting fungous tissue, filamentous in character or of 
closely packed cells (pseudoparenchyma). Apothecia vary from minute 
structures barely visible to the unaided eye to others several inches in 
length or diameter, and are usually more or less fleshy in character, which 
is in contrast to the firmer texture of perithecia. Some of the saprophytic 



Fig. 121. — Semidiagrammatie drawings of basidium fruits. A, cranberry affected 
with rose bloom (EJxobasidium oxy cocci), showing enlarged flower-Iike lateral shoot; B, 
basidia from the surface of one of the hypertrophied leaves shown in A; C, red leaf spot of 
the cranberry, with leaf and stem lesions which produce basidia similar to those shown in 



388 


MANUAL OF PLANT DISEASES 


fungi produce greatly modified apothecia, as illustrated by morels, saddle 
fungi and their allies. In these forms the cup has been practically turned 
inside out, and in the morels shows a greatly convoluted hymenial surface, 
giving much larger space for the display of asci, while in the saddle fungi 
the enlarged cup is folded so as to suggest the common name. In the 
truffles the cup remains closed and develops underground, never coming 
to the surface to discharge its spores. In the great majority of apothecia 
the aseospores are set free by explosion of the asci. In these, however, 
there is a simultaneous discharge of numerous asci, with a resultant cloud 
of spores generally visible to the naked eye. This phenomenon is spoken 
of as the “puffing of spores,” and serves to separate the spores from the 
fruiting body and to facilitate effective air or wind dissemination. 

In some of the more primitive basidium fungi there is no organization 
of a definite fruiting body, the basidia being produced from the general 
mycelium which develops on or within the substratum. In certain 
parasitic gall-produieing forms (Exobasidiales) the basidia originate from 
an internal mycelium and are produced over the surface of the enlarged 
and modified structures, the relation being very similar to that of the asci 
to the mycelium in the leaf-curl fungi. The production of spores gives a 
whitish, powdery appearance to the basidial sui’face. In some of the 
mold-like basidium fungi, the basidia are borne in irregular clusters or 
groups over the surface of a superficial mold-like growth. This is the 
condition which prevails in Coiiicium vagum, the cause of the Rhizoctonia 
disease of potatoes and other hosts when the basidium stage appears as a 
whitish, powdery, mold-like covering on the surface of the stem just above 
ground level. 

In the great majority of basidium fungi, the basidia are grouped and 
supported by rather complex structures which may be designated as 
compound sporophores. These sporophores are of varying te.xture and 
may be fleshy, leathery, horny or woody. Some are small but they are 
generally large in comparison with other types of fungous fruits, the 
greatest size being reached in some of the giant puff balls and monstrous 
bracket or shelf fungi. The prime purpose of the sporophore is to afford 

Fig. B; D, base of stem showing a simple basidial felt (Hypochnus or Corticium type) ; 

hyphiB and basidia from D; F, habit sketch *and section of a plain resupiiiate sporo- 
phore (Stereum type); G, typical basidia with one sterile cei or eystidium; H, /, resupi- 
nate, shelving and stalked sporophores -with toothed basidial surfaces (Hydnuni type) ; 
sporophores of fairy clubs and coral fungi (Clavaria type) ; K, habit sketch of aresupinate, 
i poroid sporophore; L, sections of annual and perennial bracket sporophores (Polyporus 

\ and Fomes types) ; M, section through a single pore showing arrangement of the basidia; 

; O, imbricated bracket fruits of the pore type; P, Q, stipitate or stalked sporophores, 

: the basidia in pores; B, S, sporophores of gill fungi or toadstool forms (Agaricus tj-'pe) ; T, 

: section of a toadstool form through the middle of the cap or jiileus and the stipe or stalk 

showing the varying lengths of the basidium-bearing plates or iamelhe; U, arrangement 
of the gills as viewed from the under surface, of the pileus; F, section of a portion of a gill 
showing arrangement of the basidia; W, upper surface of the sporophore of a common gill 
fungus (Schizophyllum alneum); X, under surface of the same sporpohore showing the 
arrangement of the gills or lamellae. 
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a surface for the support and display, and in some cases for the protection, 
of the basidial layers, and the surface is increased by various structural 
modifications. The simplest sporophores are simply prostrate layers of 
fungous tissue with a smooth, plain basidial surface. Other forms may 
be simple clubs or compound clubs and more or less coralloid, while others 
are of the toadstool form or still others bracket-like or shelf-like in charac- 
ter. Puff balls represent a still different modification of the basidium 
fruit, with basidia developed entirely within the closed fruit. The 
“smoking ” of puff balls when squeezed is due to the liberation of innumer- 
able numbers of basidiospores. In the different forms of sporophores the 
basidial surface may be increased by wrinkles, ridges, tooth-like projec- 
tions, thin plates or lamellae packed closely together, a honeycomb-like 
structure or minute parallel tubes which appear as pores on the under 
surface of the sporophore. 

But very few of the club or coral fungi or the puff balls furnish para- 
sitic species, but there are numerous parasitic species which illustrate the 
other types of sporophores. The basidium fungi are the principal wood- 
destroying forms and may produce either root or trunk rots. 

Reference 

See textbooks listed at the end of Chap. I. 
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DISEASES DUE TO DOWNY MILDEWS AND ALLIES 
OOMYCETES 

The parasitic fungi which form a non-septate mycelium and reproduce 
by the development of oospores, unless sexual spores are omitted, and by 
either swarm spores or conidia (the Oomycetes) may be placed in the 
three following orders: 

1. The pondscum parasites (Chytridiales) with a plant body consist- 
ing mostly of a single unbranched or only slightly branched cell. While 
this order includes many species which are "parasitic upon algse, it also 
furnishes a number of very important pathogenes of our crop plants 
(see special treatment of Diseases Due to Pondscum Parasites 
Chap. XVII). 

2. The water molds (Saprolegniales) with well-developed mycelium 
principally saprophytic in habit, and living upon dead insects, fish or 
plant remains in streams or ponds. One saprophytic form, Lepiomitus 
lacteus, is noteworthy because of its development in drain pipes and 
■sewer water. A few forms are parasitic on fresh-water alg«, fish or other 
aquatic animals. A disease of rice seedlings in Formosa has been attrib- 
uted by Sawada to Achlya prolifera (Nees) De Bary. A root blight of 
sugar beets in Germany has been studied by Peters (1911) &nd Aphano- 
nyces levis reported as one of three causal fungi. Recently a new species 
A. euteiches Drechsler, has been described as the cause of a root rot of 
peas (Jones and Drechsler, 1925). 

3. The pythiaceous fungi, white rusts and downy mildews (Perono- 
sporaUs), which are principally parasitic in habit, and for the most part 
obligate parasities. The chief distinguishing features of this order are: 
(a) a well-developed non-septate mycelium which is intercellular, with 
the exception of forms of Pythiacese, which are also intracellular; (6) 
asexual reproduction by conidia {zoosporangia), which in the more primi- 
tive forms produce swarm spores and hence are sporangia, while in the 
highest tpes an infection hypha is the first product of germination; and 
(c) sexual reproduction, when this is not suppressed, by the union of 
unequal and dissimilar gametes to form odspores. A large female cell or 
oogmium produces either a uninucleate or multinucleate gamete, while the 
male ceU or aniheridium is smaller and gives rise to several male gametes 
qr sperm nuclei. The three following families are recognized: Pythiacece, 
Albxtgtnacece and PeroripspgracecB. , . - 
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This family represents transitional forms between the water molds 
(Saprolegniales) and the downy mildews (Peronosporacese). They have 
specialized in the development of zoosporangia. In the more primitive 
forms definitely differentiated conidiophores are lacking, the swarm 
sporangia being formed from ordinary hyphas, to which they remain 
attached. Aerial conidiophores, when formed, may be delicate or robust, 
and either simple or branched. Typical odspores may be formed, or in 
certain species they may be either rare or entirely suppressed. 

The important genera may be 
briefly characterized. 

Pythium. — Swarm sporangia on 
branches similar to the mycelium, 
oval, spherical, etc., and symmetri- 
cally enlarged. Sporangia germinate 
by a rupture or by a beak through 
which the protoplasmic contents are 
extruded into a thin-walled vesicle, 
after which they are differentiated 
into laterally biciliate ' (uniciliate 
according to some authorities) swarm 
spores. Gemmse or conidia similar 
to the sporangia are also produced. 

Direct germination of the resting 
odspores is a characteristic feature. 

N ematosporangium. — V ery sim- 
ilar to Pythium, but with filamentous 
sporangia, not broader than the 
mycelium. Included with Pythium 
by some writers. Oospores lacking 
in some species. 

P y t h i acy s ti s . — Sporangiophores 
delicate, septate, generally much 
branched and bearing numerous ovate or lemon-shaped sporangia pro- 
vided with an apical protuberance. The laterally biciliate swarm spores 
are set free by the rupture of the apical protuberance without the forma- 
tion of a vescicle as in Pythium. No oospores are known. This genus 
has been merged with Phytophthora by some writers (Leonian, 1925). 

Phytophthora. — Sporangiophores simple or branched, generally emerg- 
ing through the stomata of the host, but sometimes through epidermal 
cells. Sporangia at first terminal, but becoming lateral by the further 
growth of the branch, and thus produced in succession. The germination 
may be pythiaceous, without the formation of a vesicle, or by the direct 
formation of an infection hypha. The genus was formerly included with 



Fig. 122. — Pythium deharyanum. A, 
branched mycelium ; a young zoospo- 
rangium ; C, zoosporangium with extruded 
contents which has organized swarm 
spores; D, free swarm spores; E, anther- 
idium; F, o5gonium; G, oosphere; i?, an 
intercalary zoosporangium. (Adapted 
from Sorauer.) 
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the Peronosporaceaa, but certain species can be scarcely distinguished 
from Pythium. Phytophthora species differ from the downy mildews in 
producing an intracellular growth as well as intercellular, in not being 
obligate parasites and by the successive development of the sporangia 
Oospores lacking or, when formed, of the typical oomycetous type, or in 
certain species "amphigenous,” that is, with an antheridium in the form 
of a basal collar. 

ALBUGINACE^ 


• General Characters'.— This family has received the common name of 
the white rusts because of the abundant production of whitish fruiting 
pustules which burst through the host epidermis in much the same way 
as the colored pustules (reddish or black) or sori of the true rusts. The 
special features which characterize this group are: 

1. The production of conidiophores in associated groups, or sori 
beneath the host epidermis, which later break through and expose the 
powdery or dusty mass of spores (conidia — in reality, sporangia) . 

2. The unlimited production of conidia (sporangia) in chains. 

3. The germination of both conidia and oospores by the production of 

zoQspores or swarm spores. 

The Development of Mycelium and Asexual Reproductive Structures. 
First infection results in the development of a copious growth of inter- 
nal, intercellular, non-septate mycelium, the hyphm showing considerable 
irregularity in diameter. The mycelium soon organizes the characteristic 
poups of conidiophores which develop beneath the epidermis, raising it 
to make whitish pustules or extended blister-like areas due to the mermng 
of adjacent son. As soon as the covering epidermis ruptures, the coiffdia 
or sporangia are set free and may germinate at once if favorable condi- 
tions are offered. These conidia are the so-called “summer spores”-and 
serTC for the rapid dissemination of the fungus during the growing season 
ihe comdiophores are short, basally branched, club-shaped structures 

T produced 

^“definite, and they are formed in basipetal succession, that is, the 

conidiophore forms a cross-wall or septum, cutting off that portion which 
IS to become a spore. This graduaUy takes on the characteristic form 
the conidiophore increases in length, a second spore is cut off and the 
process continues, resulting in the simple chains of multinucleate conidia 
generd y separated one from another by short neck-like projections 

Selk chains 

break, setting free the individual conidia. 

+ couidium never germinates by the production of a hypha or germ 
tube, but becomes a zodsporart^wm. The protoplasmic contents dfvide 
nto SIX or more portions, which emerge through an opening as naked 
protoplasts or swarm spores, each provided with two unequal fateral cffif 
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or organs of locomotion. They are able to swim about actively, but soon 
come to rest, absorb their cilia, surround themselves with a cell wall and 
germinate by the formation of a germ tube. If this germination occurs 
on a susceptible host, the infection thread will penetrate to form an 
internal intercellular mycelium. • 

The Formation of Oospores. — The same mycelium which has pro- 
duced sori will a little later in the season organize the antheridia and 
oogonia and produce oospores which remain within the host tissue. 
These are the so-called winter spores/^ and serve the important function 
of carrying the fungus over the winter period, as they will not germinate' 
until the following spring. 

The oogonia and antheridia are formed on the internal intercellular 
mycelium, each appearing on separate but adjacent hyphse. The odgon- 
ium is a large globular multinucleate cell, the antheridium a smalleiv 
more or less globular cell. One or more antheridia come to occupy a 
position close to an oogonium. There are two different types of egg 
organization within the oogonium. In certain species {A. Candida) the 
protoplast becomes differentiated into a peripheral or external zone, the 
periplasnij which contains many nuclei, and a central mass, the egg cell, or 
ooplasm, w'hich contains a single nucleus. In other species of white rusts 
the central ooplasm remains multinucleate (A. bliti and A. portulacce). 
The antheridium, which is a multinucleate cell, produces a short, 
tube-like outgrowth, the fertilizing tube, which penetrates the periplasm 
and comes in contact with the egg. The antheridial or male nuclei are 
discharged through this tube into the egg cell. In the uninucleate egg 
the female nucleus fuses with a single male nucleus, and in the multi- 
nucleate egg female and male nuclei fuse in pairs, this nuclear union 
constituting the process of fertilization. 

Following fertilization the egg is gradually transformed into a thick- 
walled odspore. The periplasm is absorbed, the oospore wall darkens and 
thickens and develops characteristic external ridges, reticulations or 
knobs, while the interior of the oospore becomes filled with an abundance 
of reserve food in the form of oily or fatty globules. The fully developed 
oospore lies within the old empty oogonial cell. 

The oospores are set free only by the weathering and decay of the host 
parts in which they were formed. They are resting spores and will not 
germinate until they have been subjected to winter temperatures* 
Under favorable spring conditions they germinate by the production of 
swarm spores. The oospore wall splits and allows the internal, trans- 
parent, sac-like membrane containing the swarm spores to protrude. 
This sac finally ruptures and the biciliate swarm spores escape. These 
swarm spores behave in the same manner as those formed from the 
conidia and will produce new infections under favorable conditions. 
Albugo is the only genus. 
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I . PBROHOSPaRACEJS 

This group has received its common nalne of the downy mildews from 
the characteristic production in thie typical species of aerial conidiophores 
in loose white tufts or do Why aggregates on the surface of the substratum. 
The special features which characterize the group are: 

1. The production of simple or branched conidiophores which gener- 
ally emerge in small groups from the stomatal openings. 

2. The limited production of conidia (sporangia), a single spore being 
developed from each branch of the compound sporophores, the maturing 
being simultaneous, rather than successive as in Phytophthora. 

3. The germination of conidia either by the formation of swarm spores 
or by direct development of infection threads. 

4. Oospores germinate by direct production of a germ tube or infection 
thread. 

The downy mildews generally produce only an internal, intercellular, 
non-septate mycelium, very similar to that of the white rusts. The 
aerial conidiophores constitute the most distinguishing feature, and 
clearly separate the downy mildews from the closely related white rusts. 
Following an infection there is the development of the characteristic 
internal mycelium which frequently becomes aggregated in the substom- 
atal chambers. One or several aerial conidiophores grow out through 
the stomata, and become branched sporophores bearing more or less pear- 
shaped conidia (sporangia) singly, but never in chains as in the white 
rusts. The conidia germinate by the formation of an infection thread or 
germ tube in Peronospora and Bremia species, but in the other genera 
swarm spores are produced. {Bremia lactucce may also form swarm 
spores.) These are either set free through a germ pore as fully matured 
swarm spores, or escape surrounded by a delicate vesicle within which 
they complete their development. Oospore formation is essentially 
similar to that described for the white rusts. A deviation may be noted 
in Sclerospora, in which the oospore completely fills the odgonium and 
becomes closely adherent with the oogonial wall. Oospores which have 
been observed to germinate give rise to a germ tube instead of forming 
swarm spores (except in Sclerospora), or produce a promycelium which 
forms a single zodsporangium (see Downy Mildew of the Grape, p. 414). 

The following are the most important genera: 

Sclerospora. — Mycelium intercellular, with vesicular haustoria; 
conidial stage inconspicuous in most species; conidiophores stocky and 
solitary or in groups of two or three; oospores generally conspicuous, 
permanently united with the walls of the oogonia. Oospore germinating 
by swarm spores. 

Plasmopara. — Sporangiophores slender, tree-like in form, solitary or 
fasciculate from the stomata pf the host, monopodially branched, more or 
less at right angles, the ultimate branches obtuse. Germination by 
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swarm spores, or the entire protoplasmic mass may escape and then send 
out a germ tube. , 

Peronoplasmopara. — Sporangiophores as in Plasmopara, but pseudo- 
monopodially branched, the branches forming more or less acute angles, 
with the ultimate portions acute. Germination of sporangia by swarm 
spores. ' 

Bremia. — Sporangiophores dichotomously branched, the branches 
terminated by disks or swellings which give rise to short radiately 
arranged, conidium-bearing branches. Germination of conidia direct or 
sometimes by swarm spores. 

Peronospora. — Conidiophores dichotomously branched, at acute 
angles, the ultimate branches acute. Germination of conidia direct by 
lateral germ tubes. 
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; - ■ ■ LATE' BLIGHT AND ROT OF THE POTATO 

Phytophthora infestans (Mont.) De By. 

The late-blight attacks and kills the tops of the potato plant and 
invades the tubers^ causing either a dri/ or a wet roL It is undoubtedly 
the most serious of all the potato diseases when conditions are favorable 
for its development/^ 

History,— This disease was introduced almost simultaneously into Europe and 
North America sometime between 1830 - 1840 , the exact date being uncertain. It is, 
however, certain that the trouble was well established in Ireland, England and on the 
Continent by 1842, and became widespread bj" 1845, At about the same time the 
disease attracted attention in Massachusetts, New York and Penns^dvania. In 1845 
the late blight became epiphytotic in both Europe and eastern North America, where 
it devastated the holds and left famine in its wake. The notable Irish famine of 1845 
and 1846 was due largely to the failure of the potato crops, wdiich at that time con- 
stituted the staple food of over four million of the people of Ireland. India was not 
invaded until between 1870 and 1880 , and in 1909, Australia, which Avas long thought 
to be immune, had the disease recorded in every state. It %vas also severe in South 
Africa in 1909. 

When the blight first became prevalent but little -was known about fungous para- 
sites and most of the early writers attributed it to various causes, such as electricity, 
some unfavorable atmospheric influence, %vet season, wet season combined with 
drought and frost, insects, ruptures of the cells, a weakened or impaired constitution 
or the direct visitation of Providence. Von Martius in 1845 attributed the disease 
to a fungus, and his opinion was also affirmed by hlorren, but their ideas made little 
headway against the ignorance and superstition of their time. The fin£d acceptance 
of their views was due to the masterly work of De Bary in 1861-1863. 

Geographic Distribution. — ^Although the late-blight has become world wide, its 
occurrence in different countries is limited to a certain extent by climatic factors. 
In North America the region of greatest severity’' includes the New England states, 
New York, New Jersey, Pennsylvania, adjacent Canada and states of corresponding 
latitude as far west as Iowa and Minnesota. It occurs in less sevei’e form a little 
farther westward and in scattered sections of the Atlantic states to Florida. It is 
also known in Cuba. West of the Rocky Mountains it occm\s in several sections in 
California and Oregon and is of increasing importance in the Puget Bound country. 

The disease occupies that portion of Europe w'hich has a climate corresponding 
to the American regions in which if is prevalent. This includes Russia and other 




F]g. 123. — Sections through tubers affected with late-blight rot due to Phytophthora 

infestans. 


advance depending upon the weather conditions. If moist weather pre- 
vails the entire leaf may be killed in from one to four days. If dry 
weather follows, the infection advances more slowly and the blighted 
leaves soon curl and shrivel, while under moist conditions, they remain 
lim p and soon decay, often emitting an offensive odor. It is generally 
the lower leaves that first show the disease but all portions are affected 
and there are numerous infections in severe cases, primary lesions appear- 
ing on petioles and stems as well as upon the leaves. 

In dry, clear weather the number of leaf lesions is limited, and the 
spots remain small and dry up without involving the entire foliage. In 
warm muggy weather the disease advances very rapidly, the entire tops 
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states west to Great Britain and France, in the latter of m^hich it generally reaches 
great severity. It extends in less severe form as far south as Italy. 

The causal fungus is a native of the northern Andes, from which section it was 
introduced into America and Europe, and recent literature recognizes the potato 
blight as an important disease of those South American sections which offer favorable 
conditions. 

Symptoms and Effects.— After blossoming time the blight appears on 
the foliage, where it causes brown, dead spots or extended dead 
areas more frequently until the leaves are killed. The dead areas appear 
at the tips or margins of the leaves and spread downward, the rate of 
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becoming blackened and wilted, followed by a wet rot involving the stems 
as well as the foliage. The rapidity of spread of the disease is such that 
the promise of a bountiful crop may be entirely wiped out in a few weeks 
after the first appearance of the disease. The stem decay does not 
advance downward into the tubers but separate infections occur. 

If blighted leaves are examined while they are still moist and especially 
after humid conditions have prevailed for a few days, a delicate, whitish 
or grayish bloom may be observed upon their under surfaces. This bloom 
is generally most evident where the diseased area borders the unaffected 
portions. This whitish haze consists of aerial fructifications of the para- 
site, which have grown out through the leaf pores. In this condition there 
is an abundant production of spores which may spread the disease to 
other leaves or other plants. This aerial growth is rather evanescent, 
and may be scanty or even absent under dry, sunshiny conditions. 


-Leaf of Irish potato showing terminal and marginal lesions of late blight. 
(From Cornell Univ, Agr, Exp. Sta, Bid, 140.) 


The effect of the disease on the tubem is secondary or primary. The 
early bligKting and death of the tops will reduce the size and number of 
the tubers, but the primary invasions of the tubers cause more or less rot- 
ting, a dry or a wet rot resulting according to the conditions which prevail. 
In heavy, damp soils with suitable temperature, the rot advances through 
the surface layers and penetrates deeper, first causing a superficial brown- 
ing and blackening of the tissue. The affected tubere may be completely 
decayed before harvest as a result of the activity of the blight fungus and 
secondary invasions by soil fungi and bacteria. This condition consti- 
tutes the so-called wet rot. Under less favorable conditions of moisture 
and temperature the superficial, brown discoloration penetrates only M to 
Ji inch, the affected portions remain relatively firm, while the surface 
over the invaded tissues becomes slightly sunken and shows a darker color 
than normal, sometimes becoming purplish black. This dry rot may be 
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confined to a few small restricted areas, or large portions of the tuber may 
be involved. Dry rot may be quite evident at digging time or it may 
become more pronounced in the early portion of the storage period. 

It is the common thing to have both foliage and tuber phases of the 
disease in a given crop but in certain cases the foliage symptoms may be 
so slight as to attract little attention, while the tuber rot follows in severe 
form; again the foliage attack may be very severe with the tuber rot less 
in evidence. The complete rottingof the tubers in the field or under poor 
storage conditions frequently causes heavy losses. If the tubers affected ^ 
with the dry rot are kept in a cool, dry storage cellar, the advance of the 
rot is checked or very materially retarded. 

Etiology. — The late blight is due to a parasitic fungus, Phytophthora 
infestans. This fungus was described by Montague in 1845 as Botrytis 
infestans. For some time following this it was treated as a species of 
Peronospora, but in 1875 De Bary proposed the new genus Phytophthora 
on account of the peculiar mode of production of conidia. The fungus 
was first considered only as a saprophytic and an accompaniment of 
certain physiological disturbances. Several early workers had demon- 
strated the parasitism by inoculations. Speerschneider in 1857 first 
showed that the spores from the leaves could carry the disease to the 
tubers, but the most complete and thorough demonstration of the 
parasitic nature of the trouble was offered by the masterly work of De 
Bary. The continued studies in later years by various pathologists have 
materially added to our knowledge of the causal organism and its exact 
relation to the disease. 

The fungus develops an internal, non-septate mycelium of large thin- 
walled hyphse which traverse the intercellular spaces of affected parts, 
leaves or tubers, and send more slender, haustoria-like branches into the 
cells. Slender aerial hyphse, the conidiophores^ grow out through the 
stomata in groups of 1 to 5, The conidiophores are sparsely branched, 
relatively thick-walled, show cross-partitions and the side branches bear 
bulbous enlargements at intervals. The ovoid conidia are at first term- 
inal, later becoming lateral as the parent branch continues its growth. 
The enlargements mark the places where conidia were attached. The 
conidia are multinucleate (7 to 30), ovoid or lemon-shaped, 22 to 32 by 
16 to 24/i, and provided with a short stalk and an apiculate tip. Conidia 
may rarely be produced on internal branches. 

The conidia germinate either directly by sending out a germ tube or 
infection thread or indirectly by the formation of swarm spores. The 
swarm-spore formation and behavior are essentially similar to that 
described for Albugo. This latter method of spore germination must be 
considered the more normal and common one under natural field condi- 
tions, but the type of germination is influenced by temperature, moisture 
and medium or substratum. 




representation of a square cut from a potato leaf infested 
Witn ^mop/itAora infestam, showing the fungus emerging through the stomata and the 
development of conidiophores and eonidia. {Redrawn from Vi. 
±fuL 168 , by Jones, Giddings and Lutman.) 

been found in artificial cultures by a number of different investigators 
(Jones, Clinton, Pethybridge and Murphy). These bodies have not 
been observed to germinate. Since repeated efforts to find oospores in 
diseased tissues, young and old, have failed, it is reasonably certain that 
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Ever since 1847 when Unger recognized that the late-blight fungus 
was really a downy mildew, there have been speculations and disputes as 
to the occurrence of oospores. There is no certain proof that such 
structures occur in nature, but in recent years oospore-like bodies have 


DmEASEB mE m D(m allies ■ 

this type of spore plays no part in the normal life history of the fungus on 
the cultivated potato. 

The conidia are responsible for the new infections which may take 
place through any part of the epidermis of leaves and stems, either 
through stomata or the unbroken cells. The germ tubes are even able to 
penetrate the surface of unmatured tubers, probably entering through the 
lenticels. Infection may occur through either upper or under surfaces of 
the leaves, but the lower surface seems to be more susceptible. The 
conidia are short lived and retain their vitality for about 3 weeks only, 
even under the best of conditions. Since they cannot survive the winter 
period, and since oospores are not known in nature, the method of per- 
sistence of the fungus from one season to another has been a much mooted 
question. 



infestans, and the germination of a swarm spore to form an infection thread. {After 
Ward.) 

At least six theories have been advanced to explain the yearly occur- 
rence of the blight: (1) the persistence of the mycelium in the soil; (2) a 
perennial mycelium within the affected tubers; (3) the production of 
oospores or resting spores which live over in the soil; (4) the presence of a 
latent mycelium or “mycoplasm” within the potato tissues; (5) the fruit- 
ing of the fungus on the parent tuber in the sod; (6) the development of 
sclerotia-like bodies. 

The first two theories have seemed the most probable, but the experi- 
ments of Stewart are opposed to the overwintering of the blight in the 
sod. The recent work of Melhus has established the findings of earlier 
workers that the disease frequently originates from the use of infected 
seed. In such cases the mycelium from the parent tuber grows upward 
in the stems and sporulates on the small dwarfed shoots of a hill. Infec- 


402 


MANUAL OF PLANT DISEASES 


tions upon new foliage start from the spores produced by these primary 

infections and the disease soon gains headway. 

According to Pethybridge (1921), the experiments of Murphy 

tend to show that the ordinary spores of the fungus are capable of retain- 
ing their vitality in the soil for a longer period than is commonly believed. 
The possibility is not to be excluded that ordinary spores produced on mycelium 
growing only into the surrounding soil from the surface of blighted seed tuber 
or “set’^ may, in certain cases, cause infection of the plants derived from 
that tuber. Perhaps those rare cases in which new tubers become blighted in 
the absence of blight on the foliage may be explained in the same way, 

Fields which contain no primary infections from diseased tubers may 
become infected from neighboring fields, since the spores may be spread 
by the wind and by leaf-eating insects. 

The general infection of tubers accoihpanying an attack of blight is by 
means of spores which were produced on the blighted tops and are subse- 
quently washed into the soil. Contact of tubers with freshly blighted 
tops at digging time is also responsible for infections, while there may be 
some spread from infected tubers to sound ones either in the soil or in 
storage, if sufficient moisture is present. 

Loss from Blight. — The loss from blight is due to the reduction in 
yield caused by the premature death of the vines, and the accompanying 
rot which may destroy the tubers, or lower their market value by partial 
dry rot or by impairing their keeping qualities. At various times in 
certain regions the disease has caused almost a complete crop failure, 
while in the eastern United States losses of 50 to 75 per cent have been 
repeatedly noted. The amount of injury from the disease may be 
inferred when it is noted that in regions where the disease is prevalent 
its efficient control has resulted in yield increases of 40 to 233 bushels per 
acre. 

Ever since the great epiphytotic of 1845 and 1846 there have been 
repeated occurrences of the disease in severe form. The amount of loss 
has been high in unprotected fields, as illustrated by the estimate for 
Vermont for 1901, where there was 65 to 95 per cent of rot in the tubers. 
The loss in New York in 1903 was estimated to be 50 bushels per acre on 
the average or 20,000,000 bushels for the state. 

Climatic Relations. — ^Excessive humidity coupled with the suitable 
temperatures are the principal predisposing factors. Where the mean 
temperature exceeds 77®F. the disease is reported to be unknown. Both 
germination of conidia and subsequent infection is influenced by tempera- 
ture. According to Melhus, the optimum for germination lies between 10 
to 13"'C. For direct and swarm-spore germination he makes the following 
report; 
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Minimum, 

degrees 

Centigrade 

Optimum, 

degrees 

Centigrade 

Maximum,: 

degrees 

Centigrade 

Swarm-spore germination 

^ 2-3 

12-13 

1 ■ 

' ' 24r"25 ■ 

Direct germination 

10-13 

24 

30 



The living mycelium in the tuber is killed by exposure to 40°C. for 4 
hours or at 30°C. for 65 hours according to European investigators, but in 
Australian tests it required 4 hours at 49°C. Butler reports that the 
mycelium in either tubers or pure cultures soon dies out at the high 
laboratory temperatures during hot weather (30 to 35°C.) Jones gives 
16 to 18°C. as the optimum temperature for the growth of the mycelium. 
It is undoubtedly the temperature factor which has excluded the disease 
from the Great Plains and the southwestern United States. Epiphy- 
totics are likely to occur when unusually cool weather, combined with 
abundant precipitation, prevails at time the conidia are being produced. 
A warm, humid period followed by a drop to 60°F. is very liable to initi- 
ate an attack. This effect of temperature is due to the increased germi- 
nation of the conidia and not to any modification of the susceptibility of 
the host. 

According to Martin (1923) : 

In the extreme northern sections of the country the mean summer temperature 
is too low for the best development of late blight and the central and southern 
districts are too warm. “ This accounts for the fact, according to Smith (1915), 
that in the northern states late blight is referred to as a warm«weather disease, 
while in the southern sections cool weather is said to favor its development. 
Smith expresses the view that probably the most favorable open-air temperature 
condition for the development of the disease is when the mean daily temperature 
is between 70 and’74®F. and that the disease is checked if the mean daily tempera- 
ture is above 75°F. for a few days and that the spores are killed at a temperature 
of 77 to 80°F. 

Host Relations and Varietal Resistance. — The late-blight fungus is 
able to infect other hosts besides the potato. It is not uncommon as a 
parasite of tomatoes both in the field and under glass, and causes a blight 
essentially similar to that of potatoes. There is some evidence, however, 
that the Phytophthora commonly destructive to the tomato is somewhat 
different biologically from that usually found on the potato (Giddings and 
Berg, 1919). Other less important species of the nightshade family 
(Solanacesc) are known to be susceptible. It is of interest to note that 
it has been found on the '^edible fruits of Solanum muricatum at the 
equator, on Solanum, caripease at Quito and on Petunia hybrids at Upsala.^^ 
It has also beeii described as affecting two species of Figworts 
(Scrophulariacese) ; Schizanthus grahami and Anthocercis viscosa , . 
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Jones has shown that different varieties of potatoes show varying 
degrees of resistance to the blight. Resistance of foliage manifests itself 
by fewer infections and slower progress of the mycelium through the 
mesophyll after infection has taken place. There is also a similar rate of 
variation in the growth of mycelium through tuber tissue. Based on 
growth in tubers, the following groups were recognized by Jones in testing 
76 varieties: (1) highly resistant; (2) moderately resistant; (3) inter- 
mediate; (4) moderately susceptible; (5) very susceptible. 

It is of particular significance to note that European varieties predomi- 
nated in the highly resistant group, while the larger number of the very 
susceptible varieties were American. There is evidence that varietal 
resistance is not constant, but may break down under varying climatic 
conditions or with continued cultivation (Pethybridge, 1921). 

Control. The late blight can be effectively controlled by spraying, 
and excellent results have been obtained by dusting, but attention should 
also be given to other measures: 

1. The Selection o/ 5eed.— Tubers from infected fields should be dis- 

carded for seed purposes or very carefully inspected at cutting time and 
all suspicious tubers rejected. Since the fungus is internal in the seed 
tubers, the chemical steeps effective for other seed-borne diseases are 
without value. Disinfection by dry heat which is effective (104°F. for 
4 hours) has never proved practical. ' . 

2. Spraying — this is necessary, Bordeaux should be used, and 
the first applications should be made when the plants are 6 to 8 inches 
high. For the earlier sprayings the 4-4-50 formula should be used, while 
the 6-6-50 strength is recommended for later applications. Two or three 
sprayings may suffice, or they may follow at intervals of 10 to 14 days 
throughout the balance of the growing season. During epidemics it is 
sometimes necessary to shorten the intervals and spray as often as once a 
week. Two to six applications are necessary. 

Copper-arsenic dust was first used for late-blight of potatoes by 
banders in Nova Scotia in 1918 and increased yields were reported over 
those obtained from fields protected by the standard Bordeaux applica- 
tions. Very similar results were reported later by Whetzel, in New York 
but in trials in other widely separated states Sanders’ copper-lime dust 
has not given a protection equal to that of Bordeaux (Stewart, 1924). 
Sanders dust for potatoes is a mixture of hydrated lime, finely ground 
partially dehydrated copper sulphate and calcium arsenate. A^ a result 
of trials extending through 4 years, Stewart (1924) states: 

years the differences in yield were decidedly in favor of the spray. 

uZlVn f, f principal foliage troubles-^arly bhght 

free S ’ No one offhe 
three was controlled in as satisfactory a manner by the dust, even though the 
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quantity of dust used was considerably greater than that recommended by 
advocates of the dust method. ' 

Poor control by dusting is reported by Wallace (1925) as a result of 
7 years’ tests. Copper-lime dust has given better protection than any 
other dusts. The difference in yields of sprayed and dusted plots is not 
. great, hence growers may prefer to practice dusting in certain cases 

because of its convenience. 

Spraying or dusting is a protection against infection and is too late if 
delayed until the blight is evident upon the foliage. A grower must 
. decide whether the disease is sufficiently severe in his region to justify the 

f expense of spraying or dusting. In regions of frequent occurrence and 

great severity of the disease spraying has become a routine practice. 

3. Storage at Low Temperatures— The spread of the dry rot in affected 
tubers can be very greatly retarded by storage in a cool, dry cellar. 
Moisture and high temperatures favor the spread of the rot. At storage 
temperatures of 40°F. or under, the advance of the rot is very slow. 

4. Miscellaneous Practices, — Attention may be directed to, a number 
of practices which influence the development of the rot in affected fields. 
The crop from such fields should not be harvested until a week or more 
after the death of the tops. There would be no objection to a longer 
delay unless the season is wet and the soil heavy. High-ridge culture, 
which will bury the tubers 4 to 5 inches, is said to lessen infection. Spray- 
ing the surface of the soil with Bordeaux or copper sulphate alone will 
lessen the amount of rot even though the foliage has not been protected. 
In late attacks of blight when spraying has not been practiced, the cutting 
and the destruction of the tops have been productive of good results. 

Profits from Spra3dng. — It has been definitely demonstrated that 
spraying for blight pays in those regions where the disease is an important 
factor. Two notable illustrations may be cited. The average gain per 
acre for 20 years (1891-1910) in Vermont was 105 bushels as a result of 
spraying two or three times with Bordeaux mixture. The yearly gains 
varied from 32 to 224 bushels per acre. In New York the average gain 
per acre for 10 years (1902-1911) was 97.5 bushels, while the yearly gains 
varied from 39 to 233 bushels. The New York experiments showed that 
potatoes could be satisfactorily protected for a cost of $4.74 per acre. 
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THE WHITE RUST OF CRUCIFERS 
Albugo Candida (Pers.) Kuixtze 

This is the most common species of the white rusts which attacks 
foliage, stems, flowers or fruits of various cruciferous plants throughout 
the world, causing hypertrophy, deforming of parts or blighting of the 
affected structures. 

Symptoms and Effects— Early in the progress of the disease, the 
trouble becomes evident by the appearance of the prominent white 
pustules or blisters, the sori, which may appear on any part of the host 
except the roots. These pustules vary in size and shape and often become 
confluent to form more extended patches. When young they appear 
like unbroken blisters, but later break and become powdery. 

In many cases the affected leaves are not greatly modified, the spore 
pustules appearing on one surface only, while in other cases they may be 
more numerous and appear on both surfaces. There are all gradations 
from a few localized infections to complete invasion, and the amount 
of injury will depend upon the degree of infection. On some hosts the 
leaves from infected stems may be ^'thickened, fleshy, pallid and 
distorted or inrolled.^’ In severe infections which involve the stems, 
there may be more or less reduction in the size of the leaves. 

The stems which are invaded sometimes show but little change of 
form, but frequently there are localized or extended swellings. The stem 
enlargements may be slight or very pronounced and up to several times 
the normal diameter, and exhibit sharp bends, turns or even complete 
spirals. In some cases there may be a proliferation from lateral buds 
that are normally dormant, resulting in a bushy growth. 

The entire inflorescence may be invaded or various flowers or flower 
parts may be deformed. The swelling and the distortion of the axis of 
the inflorescence and the flower pedicels are frequently more pronounced 
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than that of stems and in the radish naay reach 10 to 15 times the diam- 
eter of normal structures. In other cases the axis of the inflorescence 
and the flower stalks are unaltered and the flowers alone invaded, while 
severe axis invasions may result in the prevention of flower development. 


■Habit sketch of leaves of salsify affected with white rust (Albugo tragopogonis) 
showing sori similar in external appearance to those of A, Candida. 


When affected flowers do develop, they may show various discolorations 
and malformation of parts. The following general modifications may be 
possible: (1) All or only single flpral organs may be swollen and fleshy; 
(2) the affected organs may be green or violet in color instead of normal; 
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(3) petals and stamens may persist instead of falling; (4) the normal 
cyclic arrangements of flower parts may revert to tlie more primitive 
.strobilate type. 

The sepals may be immensely increased in size and thickness, often deeply 
concave on the inner surface, and sometimes provided with cylindrical or flattened 
appendages near the base. The petals are also enlarged, vary much in shape and 
sometimes have sepaloid characters. The stamens are usually greatly altered, 
being thickened into a club-shaped body in which the anthers are represented by 
an oblong, grooved, green mass, or transformed wholly, or the anthers only, into 
small, leaf-like .structures. In some hosts, the stamens are less affected and may 
even bear pollen in a portion of the pollen sac, the rest being sterile; occasionally 
supplementary pollen sacs are formed. Of more interest is the appearance of 
stigma-like structures at the tip and rudimentary ovules on the margins of certain 
altered stamens, -which thus come to have the characters of carpels. The pistil 
itself may be enormously swollen into a conical, thick-walled sac, or transformed 
into a couple of carpellary leaves, borne on a common stalk. In the former case 
ovules may be formed, but they remain sterile and dehiscence of the fruit does 
not occur (Butler, 1918). 

Affected organs may sometimes appear darkened towards the end of 
the growing season due to the internal development of large numbers of 
brown-walled spores. This internal darkening is sometimes more evident 
with examination by transmitted light and is very noticeable when' such 
affected organs are cut across. 

When the white rust occurs alone it may cause little or no injury or it 
may prove more serious. Its most serious effects are sometimes noted 
when it is associated with the downy mildew {Peronosfora parasitica). 
Seedlings may be killed outright under favorable conditions, while plants 
less severely affected or invaded later in their development may be 
dwarfed. The arrest of flower development or the malformation of 
flowers results in sterility, and so may be injurious to seed crops. 

Etiology and the Causal Organism. — The white rust of Crucifers was 
first described in 1791 by Persoon as an ^cidium and later in 1801 as 
Uredo. The early use of these two generic names may perhaps explain 
the origin of the common name. The genus was described as Albugo in 
1820 and as Cystopus in 1848. In all of the earlier American literature 
the fungus appears as Cystopus candidus Lev., but more recently as 
Albugo Candida (Pers.) Kuntze. 

The development of the internal mycelium, conidiophores and conidia, 
and oospores has been described in the general consideration of white 
rusts. The conidiophores are clavate, thick-walled, 35 to 40 by 15 to 17/z; 
the wall of the terminal conidium of a chain is thickened on its external 
side and the conidium is not capable of germinating, but all others in the 
chain are set free by the solution of the jointed necks. The separated 
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conidia, which are globular, hyaline, 15 to 18^t, with uniform, thin cell 
walls, are easily disseminated during dry weather by air currents. These 
conidia or sporangia may germinate at once if they are afforded favorable 
conditions of moisture and temperature, producing mature swarm spores 
in from 2 to 10 hours after immersion in water. The conidia are relatively 
short lived, their period of viability being limited to about 6 weeks after 
maturity. In germinating, the conidium {sporangium} shows a segmen- 



tation of the contents into four to eight polyhedral masses, which sepa- 
rate and escape one by one to the outside or in adherent groups or the 
ole mass may be discharged into a bladder-like structure. The swarm 
spores take on their typical form of ovate to kidney-shaped bodies, two 
unequal ciha appear from the flattened or concave side, and they swim 
away rom the mother cell. After a period of activity they come to rest, 
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absorb the cilia, form a surrounding cell wall and germinate by a germ 
tube or infection thread entering the host through stomata. It was 
formerly believed that first infection took place through cotyledons or 
seed leaves only, but Melhus has recently shown that various parts of 
older plants may become infected if suitable conditions are afforded. 

Oospores are not known on some hosts, but in many cases they are 
produced in abundance in the hypertrophied parts. They are rare in 



Fig. 129. — Albugo Candida. A, mycelium with young oogonia og\ B, oogonium og 
with the egg cell or oosphere os and the antheridium an; C, a mature oogonium with a 
fully developed oospore os; D, optical section of oospore shown in C; E-Q, successive 
stages in the germination, of an oospore with the formation of swarm spores. {AJter De 
Bary.) 

affected leaves except in a few hosts. Mature oospores are globular, 
40 to 55m in diameter and show thick, brown walls provided with low, 
blunt ridges often confluent and irregularly branched. The oospores 
are resting structures and do not germinate at once, but only after some 
months. Those which have been left in plant debris from the previous 
season's crop or have been set free by the disintegration of affected plant 
structures probably constitute a very important source of the first spring 
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infections. The germination of the oospores is typical for the group. 
Many Crucifers produce rosettes which live over winter, and it is possible 
that these may be infected in the fall and thus carry the fungus over the 
winter as a dormant mycelium. 

There seem to be two types of infection: first, a general or systemic 
in which the whole plant is affected, resulting in a stunted growth and 
the appearance of the spore pustules on all parts; second, a local infection 
in which single leaves, stems or flower parts are directly invaded. 


xrniini rertilizatioii in Peronospora parasitica (1), and Albugo Candida (2, 3) • 

youn^ miiltmucleate oogonium; a/i, antheridiiim ; o-s uninucleate oosphere or ego-* a W 

tilizing tube of the antheridium which introduces the male nucleus- o fertilizecfega cVll 
surrounded by the periplasm. {After Wager.) leniiized egg cell 

Predisposing Factors.— The proper temperature is the most important 
factor mfluencmg the appearance of the disease. Temperature conditions 
affect not only the germination of the spores but also the apparent sus- 
ceptibility of the host. Conidia germinate better at low than at high 

been determined but it is 
Close to 10 C. The minimum temperature is very close to freezing, while 
the ma^mum is about 25»C. Spore germination proceeds um-mally 
dunng the cool spring season when there is also an abundance of moisture, 
u in many regions the summer temperatures would be sufSeiently high 
to cheek or very greatly lessen germination. The chilling of the host is 
an equaUy important factor in inducing infection. According to Melhus 
!hil?S "" ^edlmgs chiUed became infected, while the controls not 
cent showed less than 5 per cent and never more than 15 per 

cent infection. It has been pointed out that the fall in temperature 
w ich leads to the^deposit of the dew, provides the stimulus for spore 
germination, probably increases the susceptibHity of the host and at the 
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same time furnishes the medium in which the swarm spores - develop. 
The temperature relations offer the very evident explanation for the 
greatest development of the white rusts during the cool periods of early 
spring. 

Host Relations. — The white rust of crucifers is found on many species 
of the mustard family throughout the world, both wild and economic 
plants being affected. The fungus is not confined to the Cruciferse, but 
occurs on various species of Capparidacse in Europe and in India. 

The most important cultivated hosts for America are as follows: 

Cabbage (Brassica oleracea L.) 

Cauliflower (Brassica oleracea var. hotrytis L.) 

Cress (Lepidium sativum L.) 

Mustard (Brassica nigra K.) 

Mustard (Brassica alba Rabenh.) 

Horseradish (Roripa armoricm (L.) Hitch.) 

BadisYi (Raphanussativuslj.) 

Rutabaga (Brassica campestris L.) 

Turnip (Brassica napus L.) 

Watercress (i2onpa (L.) Hitch.) 

Wallflower 

In addition to the above, Wilson lists 40 wild hosts from 21 different 
genera. The most common weed hosts are shepherd^s purse (Bursa 
hursa-pastofis), pepper grass (Lepidium virginicum) and Sisymbrium 
officinale. 

There is some evidence to show the existence of specialized races or 
biological species, although further evidence is necessary to determine 
their limits. According to Melhus, the form on the common radish 
passed readily to other varieties of Raphanus sativus and also to R. 
caudatus, and less frequently to white mustard (Brassica alba) and cab- 
bage (B. oleracea), but failed entirely when inoculated on 10 other species. 
Another observer has reported the strain from turnips capable of infecting 
the cabbage and its derivatives, Arabis alpina, a weed, has furnished 
spores which infected nine other species belonging to six different genera, 
but this strain failed on radish, mustard and cabbage. 

Prevention or Control. — The white rust is not generally sufficiently 
severe to justify expensive control measures. Attention should be called 
to certain practices which will be of value: (1) crop rotation to prevent 
the growth of susceptible crops in ground filled with the overwintering 
spores from a previous infected crop; (2) clean culture to keep down all 
Cruciferous weeds;. (3) the destruction of infected crop refuse by burning 
to prevent carrying oospores over the winter. Spraying is only recom-^ 
mended in the case of very severe attacks. 
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DOWNY MILDEW OF GRAPE 

Plasmopara viticola (B. & C.) Berl. & DeT. 

The downy mildew of the grape affects leaves and young stems, caus- 
ing a spotting or blight^ and may also invade the berries, causing rot or 
shattering. As a grape disease, it probably stands next in importance to 
the black rot. 

History.—This disease was first observed in America on wild grapes in 1834. 
Early writers recorded the occurrence of mildews^' and blights of vines, but these 
troubles were not at first associated with the presence of a parasite but attributed to 
various causes, such as atmospheric disturbances, or even some visitation of Provi- 
dence. The disease may be considered endemic in the eastern United States, from 
which region it spread to France, perhaps sometime previous to 1874, the first severe 
infestation being in 1879. The spread to other parts of Europe followed. It is 
interesting to note that the disease did not reach South Africa until 1907, and that the 
first severe outbreak in Australia occurred in northeast Victoria in 1917. The 
parasite was first described by Berkeley and Curtis in 1848, but the fungous origin 
of the trouble was recognized by Schweintz at an earlier date (1834). De Bary 
studied the fungus very carefully in 1863, Farlow in 1876 and Berlese and De Toni in 
1888, when it was assigned to the present genus. On account of its importance and 
severity, the various aspects of the disease have been treated by many different writers 
in a voluminous literature. 

Geographic Distribution. — The disease is present to a greater or less extent in 
nearly all parts of the world where grapes are cultivated. The important vineyards of 
France have suffered severely because of the general use of the very susceptible Vitis 
vinifera varieties, coupled with the very favorable climatic conditions. The mildew 
visitations are less intense in southern France than in the moister center and north. 
In northern Africa (Algeria) the dry inland regions suffer little, while in the coastal 
belt the disease causes trouble, although it is much less severe there than in France. 
The disease first appeared in Australia and South Africa during or following periods of 
rather exceptional weather conditions. The fungus is present in South America and 
it is claimed that the summer stage is present the year round in Brazil. 

In the United States the mildew is prevalent east of the Rocky Mountains, and 
reaches its greatest severity in the northern Mississippi Valley and states to the east- 
ward, especially the Middle Atlantic states. High temperatures and dry conditions 



Fig. 131.' — -Under side of a grape leaf showing groups of conidiophores of Plasmopara 

viticola. 
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have been unfavorable for the disease in the South, the disease being very rare and of 
no economic importance in the arid Southwest. The downy mildew has never been 
found as a disease of cultivated vines in California, although a single collection on a 
wild species has been reported. The exclusion of the disease from the grape districts 
of California and other regions west of the Eocky Mountains seems to be due largely 
to unfavorable climatic conditions. 

Symptoms and ElBfects. — The downy mildew on the leaves first shows 
upon the upper surface in the form of pale-yellow spots of variable size 


and form, frequently more or less circular, which merge into the sur- 
rounding green tissue without any distinct line of demarcation. In the 
early stages these spots appear more transparent than the normal leaf 
tissue, this character being especially noticeable if affected leaves are held 
up to the light. This peculiarity has suggested the French name of ^^oil 
spots/^ These spots show less distinctly on the lower surface at first, 
owing to the covering of hairs, but under favorable atmospheric conditions 
the lower surface of each spot is soon occupied by a conspicuous aerial 
growth of the fungus iff the form of a downy, milk-white coating, which 
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suggests the common name ''downy mildew.'^ As the affected spots 
become older, the leaf tissue may be gradually killed, the color changing 
from yellow to a brown or dead-leaf color, and in this condition the spots 
are more evident upon both surfaces. Under dry conditions the aerial 
downy growth on the under surface of the leaves may be absent or scanty, 
and this condition prevails on the older spots which have changed to the 
brown color. The leaf spots may be few in number or they may be so 
numerous as to coalesce and involve nearly the entire leaf or extended 
portions. In the more resistant varieties the leaf spots do not become so 
conspicuous as in the very susceptible varieties, the invaded areas being 
mottled or punctate brown instead of uniformly colored. 

Another vine trouble known as erinose, due to a mite, shows symptoms 
which sometimes suggest downy mildew. Erinose spots are always con- 
vex above, while mildew spots are flat. While the down or felt of erinose 
is white at first as in mildew, it soon changes to a rusty brown. 

The young canes, leaf stalks and tendrils are also subject to attack. 
The affected portions show a water-soaked appearance at first, later turn- 
ing yellowish green, but finally becoming brown. The external develop- 
ment of the mildew may appear on these structures also, or it may be 
entirely suppressed. 

In older lesions the dead tissues shrivel, causing a depression. The 
effect on the cane lesions will depend upon their number and extent. In 
extreme cases the young shoots may be dwarfed, twisted or deformed and 
the leaves remain small, while in the most severe infections the cane may 
die. Lesions on the leaf stalks may be instaimental in causing the shed- 
ding of the leaf. 

Flowers and fruits may be invaded and blighting or rotting result. 
Fruits may be attacked when young or when approaching maturity. If 
the berries are attacked wheii young, that is, when about or less 

in diameter, further growth is checked, the gray superficial growth of the 
fungus’ appears, the berry darkens and finally dries up. In berries 
attacked when nearly full grown, but before color appears, the fungus only 
rarely appears on the surface, but the infected berries darken due to the 
death of the constituent cells. This change progresses slowly, dark 
patches appearing at separated points, the skin becomes withered and 
wrinkled and finally the whole berry becomes shrunken and dark brown. 
The condition on the younger fruits with the copious growth, of the mildew 
has sometimes been designated as giriy mold, while the characteristic 
changes of the older fruits have suggested the name of hrowri rot 

The effects of the disease may be briefly summarized: 

1. The normal physiological activities of the leaves are interfered with, 
the amount of injury depending upon the area of leaf surface involved. 
Vines thus stripped of their leaves early in the season are not able to ripen 
their fruit normally. Fruits from such vines contain less juice and have 
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a lower sugar content. The crop of the following season is also seriously 
menaced^ since the usual accumulation of reserve food cannot take place 

2. Young canes may be dwarfed and the leaves remain small, or the 
cane together with its leaves may die. 

3. Fruit attacks cause either mumification or rotting, and shelling or 
dropping of the diseased berries is the common result. The shelling may 
be almost complete or result only in poorly filled bunches. 

Etiology.— The downy mildew is caused by Plasmdpara viticola (B. 
& C.) BerL & De T. Berkeley and Curtis described the grape mildew 
in 1848 as a new species, Botrytis viticola, but De Bary in 1863 determined 
its true relationship and named it Peronospora viticola. It was not until 
1888 that Beiiese and De Toni redescribed the fungus under its present 
name. 

The characteristic ccenocytic mycelium develops within the intercellu- 
lar spaces of affected tissues, forming thin-walled hyphse of very irregular 
diameter, varying from 1 to even 40 to 60/a, the greatest regularity appear- 
ing in the compact tissues, while the greatest irregularity and size may be 
found in loose leaf tissue with prominent intercellular spaces. The 
hyphse do not penetrate the cells, but absorb their food supply by numer- 
ous thin-walled, globular haustoria, which are pushed into the cell 
cavities., ■ ■ . . 

The first new infections always come from swarm spores which must 
reach the under surfaces of the leaves. A swarm spore which has come to 
rest produces an infection thread which squeezes through the first 
stomatal opening it can reach, expands in the substomatal chamber and 
then produces more slender branches which penetrate deeper. The 
period of incubation, that is, the tim'e which elapses from the entrance of 
the infection thread to the production of evident oil spots, varies from 
5 to 20 days, due to seasonal conditions and differences in the suscepti- 
bility of varieties, 7 days being a fairly common incubation period for 
susceptible varieties. 

After a period of mycelial development, the hyphae become massed in 
compact cushions just beneath the stomata and, under favorable condi- 
tions of moisture and temperature, three to six (maximum 20) aerial 
hyphse grow out through a stomatal opening and develop into branched 
conidiophores, bearing numerous conidia (sporangia) or summer spores. 
Under certain conditions the conidiophores may break directly through 
the epidermal cells, which are first killed, then crushed and disrupted by 
the growth of the fungus. Each conidiophore produces three to six main 
branches, which are, in turn, branched several times, the terminal 
branches ending in two to four short, slender sterigmata or spore-bearing 
tips. Large numbers of these conidiophores massed together give the 
characteristic downy character to the under surface of the leaf lesions, or 
cause the ^^gray mold of fruits. 
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Each sterigma can produce but a single spore, which is formed by- 
swelling at its end, which later becomes separated by a cross-wall, 
single nucleus which passes into the developing spore divides later to 
make the conidium multinucleate. The conidia vary in size, the average 
being 11 to 18 by 15 to 31,u, with others reaching 40 to 50^; the majority 
are ovoid, some are nearly globose, while others are long and narrow 
The numerous conidia give to a fully formed conidiophore an appearance 
not unlike a miniature bunch of grapes. Infected leaves which show 




through a stoma from an intereeUtulr Syceiium Tohd c“stfges 

few or no conidiophores will produce a copious crop in 12 to 20 hours if 
placed in a moist chamber. 

When comdia are brought into favorable conditions for germination 
there is a_ slight increase in size due to imbibition of water, and each 
nucleus with its adjacent protoplasm becomes organized into a swarm 
spore. These swarm spores separate sUghtly, begin a movement and 
on slip out through an opening that is formed at the terminal papilla. 
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The swarm spores then separate from each other and swim away as naked, 
fully formed, two-ciliate spores. They are planoconvex, and the two cilia 
originate from the middle of the fiat side. After a period of activity they 
settle down, become more or less rounded, absorb their cilia, secrete a 
delicate cell membrane and soon send out a protuberance which develops 
into an infection thread or germ tube, which turns abruptly into the first 
stoma that it reaches. Unless the infection threads reach stomata, they 
will perish and no infection will result. This would mean that infections 
must be through the under surfaces of leaves, since the upper side of 
grape leaves are generally devoid of stomata. 

Towards the end of the growing season thick-walled resting spores, 
the oospores, are produced in the intercellular spaces of affected parts. 
The detail of development is not entirely clear, but antheridia and oogonia 
are formed, the egg apparently becoming uninucleate, as in Albugo 
Candida, Antheridia have not been observed so frequently as the oogonia, 
so it is uncertain whether fertilization is necessary. The fully developed 
oospore is 25 to Sbfj, in diameter, filled with a granular protoplasm con- 
taining conspicuous oil globules, and surrounded by a thick but somewhat 
roughened epispore. The odspores behave as in typical downy mildews 
and remain dormant until the following spring, when germination takes 
place. Only odspores which have been subjected to the freezing winter 
temperatures are capable of germinating, but they have been found to 
retain their vitality for at least a year. 

Under normal field conditions the oospores will be set free by spring 
by the disintegration of the tissue of the diseased structures in which they 
are formed. Under suitable moisture conditions the oospores germinate 
by the production of a short unbranched promycelium which bears a 
single large conidium or sporangium. This conidium produces swarm 
spores in the manner already described. These spores, or the conidia 
previous to germination, are splashed by rain to the lower leaves of the 
vine and originate the first lesions, which soon develop conidia, which are 
wind borne, and thus the disease spreads to new leaves or to other 
uninfected vines. 

Climatic Relations.— The occurrence and the spread of downy 
mildew are greatly influenced by climatic conditions, temperature and 
humidity of the air being the most important factors. The reports 
of different workers concerning the effect of temperatures on conidial 
germination are not entirely in agreement, but this feature has been 
recently investigated by Gregory (1915). His results may be presented 
in tabular form: 

80 to 90°F .... No germination 

70°F 40 to 50 per cent germination 

50°F 95 per cent germination 

35 to 41 °F Very slight germination 
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Under the cooler and more optimum conditions for germination the 
swarm spores remain active for a longer period, and conidia held at low 
temperatures and not offered suitable conditions for germination retain 
their vitality for 14 to 60 days, while they perish in 4 to 6 days in a warm 
dry air. Much better conditions, therefore, are offered for infections 
under low temperatures than when high temperatures prevail. 

The retarding effect of dry atmospheric conditions on conidiophore 
and conidia production has already been noted. If the weather remains 
hot and dry with plenty of sunshine, lesions established under favorable 
humid conditions may fail entirely to produce the characteristic aerial 
conidiophores, and consequently under such conditions there is no possi- 
bility for the disease to become epiphytotic. Sporulation also depends 
on temperature, being very slight below 56 and above 82°F. Regions 
with prevailing dry winds are likely to be relatively free from mildew, 
while those localities with heavy dews and high air humidity are very 
subject to the disease if temperature conditions favorable for spore germi- 
nation also prevail. The production of conidiophores and conidia 
reaches its maximum under humid, cloudy conditions wdien the vines 
remain moist for some time, while this presence of moisture on the leaf 
surfaces is essential for the germination of the conidia and also facilitates 
the migration of the swarm spores. Heavy rains, if of short duration 
and followed by conditions which cause rapid drying, are not favorable 
to the disease. 

Infection is influenced by environmental factors operating upon the 
host, as well as upon the pathogene. Open stomata and an abundance of 
soluble food in the leaf tissue favor infection, if temperature and moisture 
conditions are favorable for germination of the fungous spores. It has 
been pointed out (Pantanelli, 1920) that both soil moisture and atmos- 
pheric humidity affect the opening of the stomata and thus influence 
infection. With soil of 15 per cent or less of moisture, 80 per cent or 
more humidity is required for stomata to open, while with 20 per cent or 
more of soil moisture stomata will open if the humidity of the air does not 
go below 40 per cent. High humidity of the air favors infection also, 
because under such conditions the host tissue will have a higher proportion 
of soluble carbohydrates, nitrogen and phosphorus. 

Young leaves are not infected for two reasons: (1) the stomata are 
closed; and (2) the tissues contain but little sugar or starch and almost 
no soluble, nitrogenous compounds. 

Host Relations and Variety Resistance. — The downy mildew has 
been found to a greater or less extent on practically all wild and cultivated 
grapes. There seems to be little, if any, difference in susceptibility of the 
smooth-leaved species and those with a downy lower surface. Vitu 
vmifera^ the cultivated grape of Europe, is more susceptible than the native 
American varieties. In the eastern United States, the four most impor- 
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tant commercial varieties, the Concord, Niagara, Catawba and Delaware, 
are derivatives of our native wild species. The later, which is thought to 
be psiTt vinif era j is more subject to mildew and other troubles. The 
disease is not confined to Vitis species, but is known on woodbine or five- 
leaved ivy (Parthenocissus quinquef oUa) sind Boston ivy (P. trie iispidata). 

Control. — It is now generally recognized that the oospores offer the 
general and probably the only means of carrying the fungus over the 
winter, since the conidia are short lived and the mycelium does not 
persist in either buds or fallen leaves. Control practices must then be 
directed to the cutting down of the first sources of infection (sanitary 
measures) and preventing the germination of the first spores which reach 
the susceptible parts of the host (spraying). Whenever conditions are 
such as to permit plowing or cultivating that will bury the surface debris 
containing the overwintering oospores, the practice is to be recommended, 
but principal reliance should be placed on spraying. Spraying cannot 
kill the mycelium after infections have taken place, since the fungous 
body is internal rather than external as in the powdery mildew. The use 
of fungicides must therefore be preventive rather than curative in effect. 

Since mildew varies so greatly in severity in different regions, the 
spraying program must of necessity vary. In the less favorable localities 
no spraying will be necessary, but in other regions two to six sprayings 
may be necessary. If the mildew is not very severe, three sprayings as 
follows will give satisfactory protection: 

1. When the shoots are 6 to 8 inches long. 

2. Just after blossoming. 

3. Before the fruit changes color. 

When additional sprayings are deemed necessary, they should be 
timed in agreement with the development of the fungus and the condition 
of receptivity of the vines, both of which are influenced by weather condi- 
tions. If infections in. the '^oil-mark-Vstage are present, they will not 
be a source of danger until humid conditions prevail, so spraying should 
precede probable rain periods. Whenvegetative activity slows down, that 
is, when cane elongation is retarded, the host is more susceptible. Cool 
weather is the principal retarding factor, and if it corresponds with a falling 
barometer, or the weather service predicts rain, spraying would be in order. 

Copper sprays have given best results in the control of mildew, Bor- 
deaux or Burgundy mixture being used, with Bordeaux as first choice. 
The strength of Bordeaux has varied in actual practice, 5-5-50 giving good 
results with medium severity, but even an 8-8-50 strength has been 
recommended for violent invasions. Since it has been shown that 
zodspores live well in acid media but not in alkaline media, fungicides 
should not be used which are distinctly acid or which will develop acid 
under the operation of atmospheric agencies. 
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Some copper-containing dusts have been used, either alone or mixed 
with sulphur, if powdery mildew is also present. They do not adhere so 
well, and have not afforded so perfect protection as the liquid fungicides. 
They may, however, be used as a supplement to liquid sprays when wet 
weather makes repeated treatment necessary. Successful spraying should 
reduce the loss to 1 per cent or less. 
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IMPORTANT DISEASES DUE TO DOWNY MILDEWS AND ALLIES 

Pythiaceae 

Damping-ofif and stem rot {Pythium deharyanum Hesse). — Probably the most 
important cause of damping-off of seedlings. Riehm, E.: Pythiacese. In 
Sorauer's Handbuch der Pflanzenkr. 2: 153-162^ 1921. 
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Leak of potatoes {Pijthium deharyanum Hesse). — Hawkin-s, L. A.: Tlie diseases of 
potatoes known as ‘‘Leak.’’ Jour. Agr. Res. 6: Q27-QB9. 1916. : Experi- 
ments in the control of leak. U. S. Dept. Agr. Bui. 577: 1”5. 1917. — — and 

Harvey, R. B.: Physiological study of the parasitism of Pythium deharyanum 
Hesse on the potato tuber. Jow. Res. 18 : 275-298. 1919. 

Stem rots of geraniums {Pythium complectens Braun, P. slendens Braun and P. 
deharyanum var. pelargonii Braun).— Braun, H.: Geranium stem rot caused by 
Pythium complectens n. sp. Jour. Agr. Res. 29 : 399-419. 1925. — — : Com- 

parative studies of Pythium deharyanum and two related species from geran- 
ium. Jour. Agr. Res. 30 : 1043-1062. 1925. 

Damping-off of sugar beets {Nematosporangium aphanidermatum (Edson) Fitz.). — Also 
attacks numerous other hosts. Edson, H. A. : Rheosporangium aphanidermatum^ 
a new genus and species of fungus parasitic on sugar beets and radishes. Jour. 
Agr. Res. 4: 279-292. 1915. Fitzpatrick, H. M.: Generic concepts in the 

Pythiacese and Blastocladiaceae. Mycologia. 15: lQQ-17^. 1923. Carpenter, 

C. W. : Morphological studies of the Pythium-like fungi associated with root rot 
in Hawaii. Hawaii Sugar Planters Assoc. Exp. Sta., Bot Ser. Bui. 3: 59-65. 
1921. 

Cottony leak of cucumbers {Nematosporangium aphanidermatum (Edson) Fitz.). — 
Drechsler, C. : The cottony leak of cucumbers caused by Pythium aphaniderma-- 
turn. Jour. Agr. Res. 30 : 1035-1042. 1925. 

Brown rot and gummosis of citrus {Pythiacystis dtropkthora Smith & Smith). — 
Smith, R. E. and Smith, E. H.: A new fungus of economic importance. Bot. 

Gaz. 42 : 215-221. 1906. : The brown rot of the lemon. Cal. Agr. Exp. 

Sta. Bui. 190 : 1-72. 1907. Fawcett, H. S.: Two fungi as causal agents in 

gummosis of lemon trees in California. Mo. Bui. Cal. State Comm. Hort. 2: 

601-617. 1913. : Gum disease of citrus trees in California. Cal. Agr. 

Exp. Sta. Bui. 360 : 370-423. 1923. Doidge, E. M.: Brown rot in citrus 

fruits. Union So. Afr.^ Jour. Dept. Agr. 10 : 499-503. 1925. 

Crown and trunk canker of deciduous fruit trees and black walnut {Pythiacystis 
dtrophthora Smith & Smith and closely related forms). — -“Fungi of this type 
cause crown or trunk canker in nursery and orchard trees of pear, peach, 
almond, apricot, cherry, plum, prune and black walnut.” Smith, R. E. and 
Smith, E. H.: Further studies on pythiaceous infection of deciduous fruit 
trees in California. 15 : 389-404. 1925. 

Late blight and rot of potato and blight of tomato {Phytophthora infestans (Mont.) 
De By. — (See special treatment, p. 396.) 

Rot of potato {Phytophthora erythrosepiica Pethybr.). — Causes a rot of tubers, roots, 
stolons and stem bases. Pethybridge, H. H. : On the rotting of potato tubers 
by a new species of Phytophthora having a method of sexual reproduction hitherto 
undescribed- Sd. Proc. Roy. Dublin Soc: n. s. 3: 529-565. 1913. Murphy, 

P. A.: The morphology and cytology of the sexual organs of Phytophthora 
erythrosepiica Pethyb. Ann. Bot. 32 ; 115-153, 1918. 

Buckeye rot of tomato fruits {Phytophthora terresiria Sherb.). — Sherbakoff, C. D.: 
Buckeye rot of tomato fruit. Phytopath. 7 : 119-129. 1917. Another rot 

of tomatoes has been attributed to a new species of Phytophthora. Hotson, 
J. W. and Hartge, Lena: A disease of tomatoes caused by Phytophthora mexi- 
cana n. sp. Phytopath. 13 : 520-530. 1923. 

Foot rot of citrus or Mai di Gomma {Phytophthora terresiria Sherb. or (?) P. cactorum 
Leb. — Stevens, H. E.: Florida citrus diseases. Fla. Agr. Exp. Sta. Bui. 150: 
43-48. 1918. Fawcett, H. S.; Pythiacystis ‘ and Phytophthora. Phytopath. 

10: 397-399. 1920, 
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Downy mildew of lima bean {PMjtophthora phaseoli Thax . ) . — Clinton, G. P. : Downy 
mildew, Phytopkthora phaseoli Thax., of lima beans. Conn. Agr. Exp. Sta. Repi. 
1900:278-303. 

Phytophthora disease of lilac (Phytophihora syringm Kleb.). — Klebahn, H.: Krank- 
heiten des Flieders, pp. 18-75. Gebruder Borntrager. 1909. Bruyn, Helena, 

L. G. de: The Phytophthora disease of lilacs. Phytopath. 14: 503-517. 1924. 

Blight of Colocasia and Caladium {Phytophthora colocasim Rac.), — Butler, E. J.: 

Fungi and Disease in Plants, pp. 306-310. 1918. 

Black thread and leaf fall of Para rubber (Phytophthora meadii McRae). — Butler, 

E. J.: I/oc. pp. 494-499. 1918. 

Pod rot and canker of cocao and bud rot of coconut (Phytophthora faheri Maub.).*— 
Reinking, 0. A.: Phytophthora faheri Maubl., the cause of coconut budrot in the 

Philippines. PMfppme /otif. 14 : 131-151.1919. — : Comparative study 

of Phytophthora faheri on coconut and cacao in the Philippine Islands. Jour. Agr. 

Tgci'. 25 : 267-284. 1923/ 

Seedling and leaf blight of castor bean (Phytophthora parasitica Dastur). — Dastur, 

J. F. — On Phytophthora parasitica n. sp. Mem. Dept. Agr., Ind. Bot Ber. 5; 

177-231. 1913. Butler, E. J.: Seedling blight, /r Fungi and Disease in 
Plants, pp. 326-330. 1918. 

Phytophthora crown or foot rot of rhubarb (Phytophthora parasitica rhei Godfrey).— 
Godfrey, G. H. : A Phytophthora foot rot of rhubarb. Jour. Agr. Res. 23 : 1-26. 

1923. 

Phytophthora blight of tobacco (Phytophihora nicotiance BdH.). — Breda de Haan, 

J. Van: De bibitziekte in de Deli-tabak veroorzaakt door Phytophthora nieoti- 
anie. Meded. Lands. Plantentuin. Ihi 1-107. 1896. 

Omnivorus Phytophthora disease (Phytophthora cactorum Leb. & Cohn). — The cause 
of damping-off, blight, crown rot, and fruit rot, including cacti, forest and fruit 
tree seedlings, ginseng, rhubarb, apple, and pear fruits, etc. Riehm, E.: Sor- 
auePs Handbuch der Pflanzenkr. 2: 188-191. 1921. Beach, W, S.: The 
crown rot of rhubarb caused by Phytophthora cactorum. Pa. Agr. Exp. Sta. Bui. 

174 : 1-28. 1922. 

Albuginaceae 

White rust of cabbage, radish and other Cruciferie (Albugo Candida (Pers.) Rous. — 

See special treatment, pp. 407-414.) 

White rust of salsify and other Compositte (Albugo tragopogonis (Pers.) Schroet.). — I 

Causes spotting and blighting of leaves and dwarfing of roots. Oospores are ^ 

abundant in the flowering stems. Riehm, E. : Sorauer’s Handbuch der Pfian- 
zenkr. 2:164. 1921. 

White rust of sweet potato and other species of Ipomoea (Albugo ipomoece-panduranm 
(Schw.) Swingle), — Produces yellow*' spots on leaves and steins. Taubenhaus, 

J. J.: White rust. Diseases of the Sweet Potato, pp. 120-133. E. F. Dutton 
Company. 1923. 

White rust of amaranths (Albugo hliti (Biv.) Kimtze), — ^Attacks both wild and 
cultivated species. ’ Butler, E. J.: Fungi and Disease in Plants, pp. 316-317. 

Calcutta. 1918. 

White rust of purslanes (Albugo poriidacm (DC.) Kuntze).^ — Attacks both Portulaca 
saliva and P. oleracea. Caules hypertrophies and malformations of various aerial 
parts; prostrate shoots become erect or ascending, Butler, E. J.: Loc. dt. pp. 

318-319. ' ' 

Peronosporaceae 

Green-ear disease or downy mildew of Setaria iUdica and various other grasses 
(Sderospora graminicohi Schroet,),— Causes blighting and shredding of leaves 
and the formation of leafy, heads/,’ E. J*,: LO 0 . at pp, 218-223. 1918. 
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Downy mildew of com, wheat, rice and various grasses (Sderospora 7 mcrospora 8 siGG.). 
Produces excessive tillering, yellowing, hypertrophy and twisting of leaves 
and also malformation of the inflorescence. Ippolito, G. D' and Traverso, 
G. B. : La Sderospora macrospora Sacc. parassita deile inflorescence di Zea mays. 
Staz. Sper. Agrar. Ital 36: 975-996. 1903. Weston, W. H., Jr.: The occur- 

rence of wheat downy mildew in the United States. U. S, Dept Agr, Circ. 186 : 

, 1-6,. 1921. 

Philippine downy mildew of corn, teosinte and sorghum (Sderospora philippinensis 
Weston). — Characterizied by yellowing of leaves and dwarfing or blighting of 
plants. Weston, W, H., Jr.: Philippine downy mildew of maize. Jour. Agr. 
Res. 19 : 97-122. 1920. 



Fig. 133.— Conidiophores of downy mildews. A, Sderospora,' B^ Peronospora; G, Bremia. 

Downy mildew of com, sugar cane and Saccharum spontanewn (Sderospora spontanea 
Weston). — Symptoms and effects similar to Philippine downy mildew. Weston, 
W. H., Jr.— A nother conidial Sderospora of Philippine maize. Jour. Agr. Res. 
20: 669-689. 1921. 

Downy mildew of corn and teosinte (Sderospora maydis (Bac.) Butl.), of corn and 
corn-teosinte hybrids (S. javanica (Rac.) Palm) and of sugar cane, corn and 
teosinte (S. sacchari Miy.) are reported to be very similar to the last two, w^hich 
are Philippine species. Butler, E. J.: The downy rhildew of maize (Sderospora 
maydis (Rac.) Buti.) Mem. Dept Agr., Ind. Bot Ser. 5: 275-280. 1913. (See 

also reference in Philippine Downy Mildew.) 

Downy mildew of grape (Plasmopara viticola (B. & C.) Berl. <fe De T.). — (See special 
treatment, pp. 414-422.) 

Downy mildew of sunflower and artichoke (Plasmopara halstedii (Farl.) Berl. &, 
De T.). — Henry, A. W. and Gilbert, Important fungous diseases of the 

common sunflower. Minn. Studies Biol. Sd. 5: 298-299. 1924. 

Downy mildew of Umbelliferse (Plasmopara nivea (Ung.) Sclir.). — This species affects 
carrots, parsnips, parsley and other species. Riehm, E. : Loc. cit 2 : 209-210. 1921. 

Downy mildew of cucurbits (Peronoplasmopara cuhensis (B. & C.) CL). — Affects 
melons, "”cucumFers7^’s^^^^ pumpkins and other cultivated and wdld species and 

causes yellow spotting and blighting of leaves. Clinton, G. P.: Downy mildew 
or blight, Peronoplasmopara cubends (B. O.) Clint., of muskmelons and cucum- 

bers. Conn. (New Haven) Agr. Exp, Bta, Rept 1904: 329-362. 



426 MANUAL OF PLANT DISEASES 

Downy mildew of hops (Peronoplasmopara Kumuli M. & T.). — Salmon, E. S. and 
WoRMALD, H.: Three new diseases of the hop. Jour, Min. Agr. Gt. Brit. 30: 
430-435, 1923. Salmon, E. S. and Ware, W. M.: The downy mildew of the 
hop and its epidemic occurrence in 1924. Ann. App. Biol. 12 : 121-151. 1925. 

Downy mildew of Lettuce (Bremia lactucce Regel). — Causes a yellow spotting and 
blighting of the leaves. Attacks also endives, globe artichoke and young ciner- 
arias as well as certain wild Composite. Erwin, A. T.: Controlling dowRy 
mildew of lettuce. Iowa Agr. Exp. Sta. Bui. 1921. Milbraith, 

D. G.: Downy mildew on lettuce in California. Jour. Agr. Res. 23; 889-993. 
1923. 

Downy mildew of crucifers (Peronospora parasitica (Pers.) Tub). — Attacks the cab- 
bage and most other cultivated species of the mustard family as well as various 
wild species. Gaumann, E.: Ueber die Formen der Peronospora parasitica 
(Pers.) Fries. Ein Beitrag zur Speciesfrage bei den parasitischen Piizen. Bieh. 
Bot. CentralU. 36: 395-533. 1918. 

Downy mildew of alfalfa and clover {Peronospora trifoliorum De By.). — He all, F. D.: 
Wash. Agr. Exp. Sta. Newsp. Bui. 142: 1915. 

Leaf mold of spinach (Peronospora spinacice Laub.). — ^Eriksson, J.: Zur Entwick- 
elungsgeschichte des Spinatschimmels (Peronospora spinacim (Grew.) Laub.) 
Ark. f. Bot. 16 (No. 15): 1-25. 1918-1919. Smith, L. B.: Control of spinach 
leaf mold (downy mildew) by spraying. V a. State Crop Pest Corn. Quart. Bui. 3 
(No.l). 1921. 

Downy mildew of beet (Peronospora schachtii Fuck.). — Attacks both common and 
sugar beets. Riehm, E.:Sorauer’sHandbuchderPflanzenkr. 2:214-215. 1921. 



Fig. 134.— Branched haustoria of a Peronospora. Compare with Fig. 128A. (After D 

Bary.) 

Downy mildew of peas {Peronospoi'a viaim B^vk.). — Attacks steins, leaves and pods of 
various other jegumes, including vetches, lentils and horse beans. Riehm, E.: 
Loc.cfit. 2: 212. 1921. 

Downy mildew of pansy and violet (Peronospora imlm (Schm.) DC.),— Riehm, E.: 
Loc. cit. 2: 215. 1921. 

Downy mildew of rose (Peronospora sparsa Berk, ) ,— Riehm, E . : Loc. cit. 2:216. 1921. 
Downy mildew of opium poppy and other poppy species (Peronospora arhorescens 
(Berk.) De By.).— Butler, E. J.: Fungi and Disease in Plants, pp. 344-346. 
Calcutta. 1918. 

Blue mold of tobacco (Peronospora hyosegami De By.).— Smith, E. F. and McKbnney, 
R. E. B.: A dangerous tobacco disease appears in the United States. U. 8. 
Dept. Agr. Circ. 174: 1-6. 1921. Also Circ. 176 and 181. 1921. Ad.ui, D. B.: 
The blue mold (Peronospora) disease of tobacco. Jour. Dept. Agr. Victoria 23: 
436-440. 1925. 

Blight or mold of onions (Peronospora schleideni Ung.).— Whetzel, H. H.: Onion 
blight. Cornell Univ. Agr. Exp. Sta. BuL 218 : 139-161. 1904. Murphy, P. A.; 

The presence of perennial mycelium in Peronospora schleideni Ung. Nature 
(London) 108: 304. 1921. 


CHAPTER XVII 

DISEASES DUE TO PONDSCUM PARASITES 
CHYTRIDIALES 

The species belonging to this order are mostly obligate parasites of 
very primitive character which live on other microscopic organisms, such 
as protozoa, rotifers, algae, water molds and some other fungi, pollen 
grains that fall into the water and a smaller number which live in the cells 
of seed plants. Many of the seed-plant hosts are aquatic forms, but a 
few are terrestrial plants of economic importance and suffer serious dis- 
turbances from the attacks of these minute forms. The name of pond- 
scum parasites is applied to the order, because of the large number of 
species which attack fresh" water algae. 

General Characters. — The fungous body consists of a single cell or a 
single cell with a few root-like or hypha-like outgrowths. In a few genera 
a plasmatic body of delicate fibrils penetrates from one cell of the host 
to another, to form a plasmacomplex, or a branched mycelium may be 
formed. The plant body generally organizes the reproductive stage or 
passes into a resting form after a short existence in the vegetative condi- 
tion. The fungous body may be transformed directly into a zodsporan- 
gium, or zoosporangia may be formed from specialized portions of the 
plant body. The zoosporangia are either thin walled and capable of 
organizing zoospores or swarm spores at once, or they are thick- walled 
resting sporangia, which develop swarm spores only after a period of 
dormancy. The swarm spores are mostly uniciliate, occasionally biciliate 
and generally of definite form, although those of a few species have an 
amoeboid character. 

In most species asexual reproduction by swarm spores predominates. 
In some forms two separate cells unite, the contents of one passing into 
the other, to form a zygote or zodsporangium, or in another case resting 
sporangia are formed by the conjugation of two swarm spores. 

The Chytridiales are probably primitive forms which occupy a place 
close to the base of the fungus family tree, but the opposing view sees 
them as degenerates in which the power of sexual reproduction has 
generally been lost. 

The order includes six families and many genera, of which the follow- 
ing are the most important as furnishing parasites of crop plants: 

427 
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Olpidium.— The vegetative body is a naked protoplast which later 
surrounds itself with a thin cell wall and becomes a zoosporangium. It 
then forms a long tubular neck extending from the host cell to the out- 
side through which the uniciliate swarm spores are set free. Resting 
sporangia with thicker walls may be formed, but these also germinate to 
form swarm spores. 

Olpidiaster (Asterocystis ). — Very similar to Olpidium, but the zoo- 
sporangium not forming a neck. Resting sporangia showing a star-Uke 
folding of the wall, hence the old name Asterocystis. 

Synchytrium. — The vegetative body of the fungus is a large cell 
occupying an epidermal cell of its host which it nearly fills. The contents 
is generally colored yellowish or yellowish red by oil drops. This vegeta- 
tive cell, which is early surrounded by a cell wall, may be transformed into 
a resting sporangium or it may divide to form a group of sporangia, a 
sporangial sorus. The sporangia germinate to form uniciliate swarm 
spores. The invaded host cell is frequently enlarged and surrounding 
cells also hypertrophied to form galls, which are generally bright 
colored. 

Pycnochytrium.— Very similar to Synchytrium, but the contents of 
the fungous cell escapes as a naked plasma mass, which divides to 
form a mass of thin-walled sporangial cells. These later become sep- 
arated as rounded zoosporangia and form uniciliate swarm spores as in 
Synchytrium. 

Physodenna.— Fungous body consisting of fine fibrils and enlarged 
portions ( Sammelzellen”) occupying the host cells and frequently spread- 
ing from cell to cell by means of the fibrillar hyphas, Oolored resting 
zoosporangia formed from the "Sammelzellen,” and set free by the dis- 
integration of the host cells. Zoosporangia germinate to form uniciliate 
swarm spores. 

TJrophlyctis. Fungous body of fine branched hyphae provided with 
enlargements; confined to a single hypertrophied host cell or spreading to 
naany cells. Resting cells formed by proliferation from segmented tur- 
binate cells and globular or ellipsoid-flattened, and towards one side pro- 
vided with a circle of hyaline appendages (haustoria) which disappear 
with maturity. Parasitic on the subterranean or aerial organs of higher 
plants, and frequently forming conspicuous malformations or galls. 
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PHYSODERMA OR BROWN SPOT OF CORN 

Physoderma zem-maydis Shaw 

This is a disease of corn affecting both culms and leaves, and causing 
spotting or blight and lodging. Although it has been known only a few 
years in this country, it has been called by a variety of common names, 
such as '' corn measles/^ "corn pox/' "dropsy/’ and "spot disease.” 

The terms "rust” and "frenching” 

have also been incorrectly applied to 
the trouble.. Teosinte {Euchlcena 
mexicana) is the only other host 

History. — The first report of the exist- V' 

ence of the disease in the United States was / iR!. Wamf 

made by Barrett in 1912, but since special 

studies of the trouble have directed atten- ' ' ■ 

tion to it, evidence has been collected of . • ' 

its occurrence at a somewhat earlier date. ’ '/ 

It is known to have been present in South * ^ 9 ’ 

Carolina in 1911, and the recent survey by " ' T ^ ' 

the Department of Agriculture renders it 

probable ' that the disease was known to " ^ ; ' 

farmers long before it attracted the at.ten- 

tion of pathologists. It was noted in I 

Mississippi in 1914 and in Florida and ' / * % ■ 

Kansas in 1915. The first published de- / , ■, -t' I* 

scription of the disease was by Shaw in 'i| . 

1912, who reported its occurrence in India. A?:; ' 

Geographic Distribution. — As a result of 

adetailedsurveybytheU.S. Department of ^ ^ ' 1 " " 

Agriculture during the seasonsof 1916-1918, \ ’ ' 

the range of the disease is now well known. /^'i^ g j 

The western limit of the disease is marked M 

by a line including the southeastern corner v ^ 

of South Dakota and extending south ^ ' - i 

through Nebraska, Kansas, Oklahoma and 
Texas. The northern and eastern limits 
include Iowa, southeastern Minnesota, 

Illinois, Indiana, Ohio, West Virginia, 

Maryland, Delaware and New Jersey. 

The region of greatest prevalence extends from the northern boundaries of Tennessee 
and North Carolina southward to the Gulf. The disease is less prevalent and severe 
west of the Mississippi and north of Tennessee and North Carolina. 


Pro. 135. — Portion of a leaf blade of com 
showing the effects of a severe attack by 
Physoderma zem-maydis. {After Tisdale, 
Jour. Agr. Res, 16, 1919,) 


Symptoms and Effects. — The disease attacks the leaves, both blades 
and sheaths and also the culms^but is rarely seen on the outer husks of 
the ear. The first evidence of the disease is the appearance of slightly 
bleached or yellowish spots, 1 millimeter or slightly more in diameter, 
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which soon become darker, and finally brown to reddish brown, with a 
lighter margin. Adjacent spots may coalesce, and they may be so 
numerous as to give the blade a rusty appearance. 

The spots on the midrib and leaf sheath are generally larger, up to 
5 millimeters in diameter, irregular in shape or almost square, and gener- 
ally darker than the leaf lesions. The infections may be very numerous, 
causing the isolated lesions to coalesce and make the entire sheath brown. 
The brown coloration is due to the death of the host cells and the accumu- 
lation of brown spores. The fungous invasions are often accompanied by 
more or less reddening of the tissues, which may sometimes mask the 
lesions. The lesions on the culms are most abundant at the nodes and 
are very similar to those of midribs and sheath. 

Towards the maturing period of the host, the epidermis over the 
lesions dries and becomes loose, where it breaks easily and exposes the 
brown spore dust, which is readily liberated. The entire parenchyma 
tissue of the invaded parts may be involved and killed, leaving only the 
veins or vascular elements, which may appear as separated threads after 
the spores are liberated. Severe infections on the leaf sheath may kill 
the leaf before the plant reaches maturity. The lower nodes of a culm 
may be completely girdled by the fungus, and so weakened that they 
break over before they are completely mature. In severe attacks of the 
disease the spotting and death of leaves and the lodging of the stalks all 
contribute to the loss, which may be considerable. Based on reduction in 
yield of grain, the most severe cases have resulted in losses up to 10 per 
cent, with a material reduction in the forage value of the stalks. 

Etiology. — The disease is caused by one of the Chytridiales, which 
was described by Shaw asPhysodermazece-maydis, and it has been produced 
artificially by spraying healthy plants with a suspension of zoosporangia. 
A new crop of zoosporangia developed after 2 weeks. The brown dust 
that appears in the older lesions consists of large numbers of separated 
spore-like bodies which behave as sporangia. A considerable number of 
these sporangia may occupy each host cell. They are 18 to 24 by 20 to 
30/a, provided with a thick, smooth, brown wall, slightly flattened on one 
side, which is provided with a circular cap or lid. The sporangia pass the 
winter in the dead remains of infected plants or in the soil and germinate 
the following season. They may remain as a residual soil contamination 
or be carried away by such agencies as insects, running wmter, wind and 
by various agi-icultural practices. Under proper conditions of tempera- 
ture and moisture the sporangium germinates. There is an increase 
in size by absorption of water, and the lid or cap opens in a door-like 
fashion, the swarm spores are organized within the escaping mass (the 
endosporangium) and finally break through an apical papilla, and swim 
away. Each zoospore is 3 tc‘ 4 by 5 to 7ti, provided with one long polar 
cilium, and a comparatively lai^e central oil globule. After a period of 
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activity, a swarm spore settles down, loses its cilium, becomes slightly 
amceboid and then germinates by the production of fine, fibrous hyphse. 

If the germination takes place on the surface of a susceptible host, one 
or more hyphse may penetrate the epidermal wall and then expand within 
the host cells to form special, enlarged vegetative cells called ^^Sammel- 
zellen.” These groups of enlarged cells (two or more) are always intra- 
cellular, and given rise to other slender fibers which give rise at once to 
other enlarged cells or pass into adjacent cells and there produce other 
groups of ^^Sammelzellen.’^ The zoosporangia are formed direct from 



Fig. 136.^ — -A iif e-cycle diagram of Physoderma zecB-maydis. A, sporangium; B, C, 
Opening sporangia showing early stages of zoospore formation; D, zoospores or s-warm 
spores; E, germinating swarm spores; F, successive stages of infection with the develop- 
ment of enlarged cells or “ Sammelzellen ” and connecting fibers; G, host cells filled with 
mature sporangia. The contents of host cells have been omitted. {Adapted from Tisdale, 
Jour. Agr. Res. 16, 1919.) 

some of the enlarged cells or at the end of special hyphse which grow out 
from them. When sporangial formation is complete, the mycelium has 
entirely disappeared and the sporangia apper to fill the dead host cell in 
which they were formed. 

Predisposing Factors. — When sporangia are present in a field and 
suitable moisture and temperature conditions prevail when the corn 
plants are not more than half grown, the disease is likely to develop in 
severe form. The temperature factor is the most important, and prob- 
ably limits the severity of the disease in its northern range and excludes 
it from other cooler regions. The zoosporangia require a minimum 
temperature of 23°C. for germination, and the optimum temperature 
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seems to be about 28 to 29°C., a temperature which would be imcommon 
for night conditions in much of the corn belt. The spread of the disease 
westward is probably limited by the semiarid conditions which prevail 
through much of the growing period. High temperatures and abundant 
and frequent rains through the early growth of the corn crop furnish ideal 
conditions and explain the range of greatest severity of the disease. 

Low wet lands or lands near water are favorable to the disease, while 
higher well-drained lands are less favorable, especially in seasons of 
moderate rainfall At higher mountain elevations in the South the 
disease may be excluded by the cool summer nights. 

Control — Our knowledge of control measures is very imperfect, but 
certain practices which have a bearing on the development of the disease 
may be noted: 

1. Since the most severe cases have appeared on land cropped to corn 
for a number of years in succession, and the sporangia are known to persist 
in the soil, crop rotation is dictated. The new corn field should be located 
as far as possible from the old field that produced a diseased crop. 

2. The removal of the plants from* the field as early and as completely 
as possible would do much to lessen the supply of infective material for 
the following season. If an infected crop is fed as stover or fodder, the 
barnyard manure should not be used to fertilize land which is to be 
planted to corn. 

No indications of resistance to the disease have been noted, although 
the selection of disease-free plants offers a possibility of obtaining resistant 
strains. 
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POTATO WART 

Synchytrium endobioticum (Schilb.) Perc. 

This disease attacks the growing potato and causes the formation of 
various warty excrescences on the tubers and to a lesser extent on other 
adjacent parts. On account of its characteristic effect, the disease has 
received various common names, such as black scab, black wart, warty 
disease, cauliflower disease, potato canker or cancer and potato wart. 

History. — The disease was first briefiy described by Schilberszky in 1896 from 
specimens from upper Hungary, but it is not supposed to occur in that country now, 
although it has been reported in Silesia, Poland and Czecho-Slovakia. It was appar- 
ently known to English growers at least 12 years previous. It was first definitely 
reported from Great Britain in 1902, in Germany in 1908, in Newfoundland in 1909, 
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in Canada in 1912, in Norway in 1914 and in the United States in 1918. In this 
country the disease has recently been studied by Orton and Kern in Pennsylvania, b}" 
Kunkel and by Weiss of the U. S. Department of Agriculture, and the distribution 
has been determined by a systematic survey carried out by the Federal Plant Disease 
Survey. 

Geographic Distribution. — Wart became widespread in Newfoundland, but during 
recent years has declined due to the use of immune varieties. Due to prompt extermi- 
nation, the disease has not spread in Canada since its first appearance. Since the 
first report of the disease from Luzerne County, Pennsylvania, in 1918, it has been 
found in several hundred gardens in three counties of eastern Pennsylvania and in six 
counties in the western part of the state; also in two counties of West Virginia in 1919, 
and in the northwest corner of Maryland, The infested districts in Pennsylvania and 
West Virginia are mining regions, wKere home gardens constitute the principal culti- 
vated land. It is fortunate that it has not yet invaded any of the important commer- 
cial potato districts. It seems probable that the disease was introduced from Europe 
with heavy importations of potatoes just previous to the enforcement of the Federal 
quarantine in 1912. The disease has now been reported from the greater part of 
northwestern Europe, but has perhaps reached its greatest severity in portions of 
England and Scotland, where it has become a decided factor in potato production. 
In Germany it is considered of little economic importance, although it is widespread 
in certain industrial districts and certain writers have been fearful that it will spread 
into agricultural areas. 

S 3 nnptoms and Effects. — The disease attacks the tubers principally 
and produces abnormal warty excrescences, which originate at the eyes. 
These may vary from slight outgrowths barely visible to the naked eye to 
larger ones which equal the tuber in size or completely cover it and 
obscure its normal character. The outgrowths or warts are at first whit- 
ish or of the color of young tubers, but later become a rusty brown or 
almost black; hence the name “black wart.^' The size and the character 
of the warts will vary with the severity of the infection: 

1. Slight infections may occur as small, simple or compound nodules 
from the size of a pinhead to that of a pea. 

2. More severe infections will show one or more fairly large nodular 
excrescences, each one resulting from an abnormal coraHike growth of the 
sprouts; hence one of the common names, the cauliflower disease.^’ 

3. In severe or advanced stages the tubers may be completely covered 
by the abnormal growth and show little or no resemblance to normal 
potatoes. In this stage the tuber is replaced by this irregular, ragged 
excrescence. 

4. The final and most advanced stage is shown when the affected tuber 
is reduced to a brownish-black mass which undergoes a soft rot and gives 
off an odor of decay or dries up. 

The warts may occur on all underground parts, tubers, stolons, stems 
and roots, being most in evidence on the tubers and least frequent on the 
roots. Lateral shoots of the stem above ground are sometimes attacked 
and transformed into dense bunches of minute, leafy or cock^s-comb-like 
outgrowths, while excrescences rarely appear on leaves in contact with 
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infected soil. The disease neither kills the host plant nor seriously 
affects the growth of the vines, and is generally not evident until digging 
time, although some observers report that seriously diseased plants 
remain green longer than normal ones. 

The disease may be only slightly in evidence or so serious as to cause a 
complete loss of the crop. When young tubers are severely attacked, 
their growth is checked and the whole potato becomes involved. The 
disease not only reduces the quantity of the crop but the quality as well, 
since badly warted tubers are unsalable, and subject to decay either in 
the ground or after they go into storage. 


Fig. 137. — Various degrees of wart development on potato tubers. {After McCubhm, 
Pa. Dept. Agr, Bul. ZMf 1924.) 


Etiology, — Potato wart is caused by Synchytrium endobioticmi 
(Sehilb.) Perc., one of the Chytridiales or pondscum parasites. The 
organism was first named by Shilberszky in 1897 from specimens from 
upper Hungary and referred to Chrysophlyctis. In 1910, Percival, an 
English botanist, studied the disease and referred the causal organism to 
another genus, Synchytrium of the same order, while Massee called it 
Synchytrium solani, thinking the organism in England distinct from the 
organism described by Schilbersssky . Various other workers have referred 
the wart organism to Chrysophlyctis but the opinion of Percival has 
recently been confirmed by the detailed studies of Miss Curtis (1921). 
Cooke and others assigned the organism incorrectly to (Edomyces leproides 
Trab., which is another parasite belonging to the same order. 
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The causal organism of potato wart does not form a mycelium but 
remains in a simple form, consisting at first of a uninucleate prosorus in 
which nuclear divisions ensue to produce, first, mother cells of sporangia, 
then within these zoospore initials. The parasite is confined very largely 
to the five or six outer layers of cells of the warts, and is set free into sur- 
rounding soil by the disintegration of the tissue of the warts. In the 
matured condition of the warts the parasite is present in the form of 
sporangia (spores), which are of two kinds: thin-walled summer sporangia, 
which can germinate at once; and thick-walled resting sporangia, which 
only germinate after a period of dormancy. The resting sporangia are 



Fig. 138. — ^Section through an older part of a wart, showing structure and position of rest- 
ing spores or sporangia. {After Aftschwager, Jour, Agr. Res. 23 , 1923.) 

globular to oval, rusty brown or dark brown, 50 to 70ju in diameter, with 
thick wall, roughened by irregular ridges. Under favorable conditions 
the contents of a sporangium organize numerous uninucleate swarm 
spores which escape to migrate through the soil moisture. These swarm 
spores are more or less pear-shaped, uniciliate, 1.5 to 2.4/>t in diameter, with 
an actively amoeboid body, while the cilium is comparatively passive. 
They behave either as swarm spores or as facultative gametes. If they 
penetrate a suitable host directly, they reproduce the summer sporangia!' 
stage and cause only a very limited epidermal hypertrophy. If, however, 
the swarm spores fuse in pairs before penetration, the zygote develops 
into a resting sporangium, the effect on the host being to stimulate cell 
division. In the absence of a suscept both swarm spores and zygotes 
soon perish. 

The swarm spores after entry into the host may be found as intracellu- 
lar amoeboid bodies, embedded in the living cytoplasm and generally 
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grouped around the nucleus. This plasmodium increases in size until 
it nearly fills the cell and becomes surrounded by a thin, but distinct, wall. 
The more mature plasmodia show a reticulate cytoplasm, with numerous 
minute fungous nuclei, while the nucleus of the host cell atrophies at 
one side of the cell but remains outside the sporangium. The details of 
the process of sporangium formation are not clear, but it is known that 
the wall of the sporangium gradually increases in thickness and assumes the 
characteristic color and markings of the mature structure, thus complet- 
ing the life cycle. 

The resting sporangia are produced in enormous numbers, each 
infected crop liberating millions into the soil by the decay of the diseased 
tubers. Unfortunately, these sporangia may retain their powder of form- 
ing spores for a period of years^ — according to authoritative reports for 6 
to 8 years. With continued production of potatoes on land, each 
succeeding crop may become more heavily infected until it is no longer 
possible to produce any sound tubers. 

The rapid spread of wart is retarded by the fact that it does not seem 
to be carried by the wind, which is such an important agent of dissemina- 
tion in many other diseases. There are, however, many ways in which 
the disease-producing organism may be carried into new fields or spread 
from one locality to another. 

The sporangia in the soil or on the tubers must be carried to other soils before 
new infections can be started. The sporangia may be carried into clean soil by 
drainage from infested soil, by farm implements used to cultivate infested soil, on 
the feet of men or animals, by planting diseased tubers or tubers that have been 
in contact with diseased tubers or by planting sound tubers that have grown in 
infested soil, by the use of manure from animals to wdiicli diseased tubers have 
been fed and by garbage into which warts or peelings from diseased tubers have 
been thrown. Any agency that distributes infested soil or infected tubers is 
sure to spread the disease (Kunkel). 

Conditions Favoring Infection.— The infection of the potato by wart 
is influenced by environmental factors, the most important being soil 
moisture, soil temperature and soil reaction. These factors have been 
summarized by Weiss (1925) : 

Germination of both resting and soral sporangia occurs in water, and there 
is an indispensable minimum of water for the distribution of the motile cells. If 
the soil moisture content does not at any time reach saturation, germination is 
prevented, but if it is constantly near saturation infection is repressed, probably 
through the reaction on the host. The most favorable condition is periodic 
flooding, followed by drainage and aeration. Infection may occur, if the tem- 
perature is favorable, in soil that is wet at insufficient intervals to afford a normal 
crop. 

The complete thermal range for germination of resting sporangia was not 
determined, but infection resulted when they germinated between 10 and 28®C. 
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Infection from germinating soral sporangia occurred between nearly 0 and 30° C. 
When the soil temperature was constantly maintained, infection was limited to 
the range 12 to 24°C., but with variable soil temperature, as in the field, infection 
occurs when the mean is about 21°, though the upper range may be as high as 
30°G. , * : 

The most favorable soil reaction is from neutral to slightly aeid, the range 
being from about pH3.9 to pH8.5. The potato tolerates somewhat greater 
alkalinity but with reduction of yield and injury from other diseases. 



Host Relations. — While the potato is the principal host of the wart 
fungus, it is known to infect several other species of the Solanaceaa. It 
has been reported on black nightshade (Solarium nigrum L.) and on 
bittersweet (S. dulcamara L.) by Cotton, and more recently (1918) on 
tomato by Kunkel. Of 50 varieties of tomatoes planted on infected soil, 
seven became infected as follows: Landreth^s Red Rock, Maule’s New 
Imperial, Success, Magnus, Carter^s Sunrise, Early Detroit and Burbank. 
According to Kunkel, the warts were confined to the roots and under- 
ground portions of the stems, those on the roots being the size of a garden 
pea or somewhat smaller, while those on the stem were larger than those 
on the roots. As a result of later studies Weiss (1925) reports all com- 
mercial types of tomatoes susceptible, but infections were on stem buds 
and young shoots, never on roots. It is not believed that the disease 
will cause serious danger to the tomato, even in the most susceptible 
varieties, but it is of importance to know that such hosts, if planted in 
infested fields, might serve to keep the wart fungus alive from year to 
year. It seems probable that other solanaceous hosts will be found, so 
that efforts should be made to exclude weeds or cultivated varieties of the 
nightshade family from infested fields in which rotations are being 
practiced for the elimination of wart. 

Previous to the introduction of the wart disease into America it had 
been found in European countries that ceiTain potato varieties were either 
very resistant or entirely immune to the disease. During the season 
of 1919, Kunkel and Orton tested 29 immune English varieties, a large 
number of American commercial varieties and a number of promising 
seedlings developed by Stuart. This work was continued until 1923, 
when practically all American varieties had been tested and enough seed- 
lings to indicate the manner in which resistance to wart is inherited. The 
English varieties remained immune under Pennsylvania conditions, while 
the American varieties were grouped as follows: (1) so badly warted that 
the crop was practically ruined; (2) varieties moderately warted but not 
so severely as to ruin the crop; (3) those so slightly warted that the dis- 
ease could hardly be said to do any appreciable damage; and (4) com- 
pletely immune varieties. Those belonging to the latter class were 

. . . Irish Cobbler, Sutton^s Flqurball and- Early Petoskey of the Cobbler 
group; Ehnola and Extra Early Sunlight, of the Early Michigan group; Spaulding 
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No. 4 of the Rose Group ; Green Mountain and Green Mountain Jr., of tlie Green 
Mountain group; Round Pinkeye, of the Peach blow group; and the Keeper 
variety which has not 5^et been placed in any group. 

The data given by the above workers show that 

The susceptibility of American potato varieties varies within wide limits. 
It is fortunate that a considerable number of varieties are immune, and it is 
especially fortunate that among this number are to be found some of our most 
important commercial varieties. But it is a regrettable fact that such valuable 
sorts as the Rural New Yorker, Early Rose and American Giant should be very 
susceptible to the disease (Kunkel and Orton, 1920). 

It is significant that seven of the promising seedlings proved to be 
immune, so that we may look forward to the development of other immune 
commercial varieties. Since the report by Kunkel and Orton the varie- 
ties McCormick and Burbank have been proved to be immune. 

The relation of wart to potato varieties offers one of the most striking 
illustrations of complete immunity of some varieties, and varying sus- 
ceptibility of others, that is known among plant diseases. Immunity to 
wart is as constant a character in immune varieties as any morphological 
feature and is transmitted to the offspring in a definite manner (Salaman 
and Lesley, 1923). 

Eradication and Control Measures. — The first measure directed 
against this disease in the United States "was the quarantine of 1912 of the 
U. S. Department of Agriculture, which excluded importations from 
countries in which wart was known to exist. This embargo was prompted 
by the knowledge that the wart disease had already crossed the Atlantic, 
as it was reported from Newfoundland in 1909 by Gtissow. Since the 
discovery of the disease in the United States in 1918, domestic and local 
state quarantines have been put in force to check the spread of the disease 
to new localities and an extensive survey of the United States was con- 
ducted by the Federal Plant Disease Survey to find out how widely the 
disease had been introduced. It is undoubtedly true that the disease was 
introduced directly with European importations, previous to the quaran- 
tine of 1912. The knowledge of the present range of the disease, with the 
continuation of the quarantines, should serve to confine the disease to the 
few localities in which it has appeared. 

The case of Sweden has been frequently cited as an instance of the extermina- 
tion of wart in a community by prompt action immediately upon its discovery. 
Wart was reported in Sweden in 1914, but the infested area was placed under 
quarantine, the soil chemically treated and potato culture abandoned. There 
has been no recurrence of the disease. In Canada, likewise, prompt repressive 
measures put into effect following the introduction of some warted potatoes which 
were used as seed in 1912 seem to have been effective in elimination of the disease, 
though in this case the prevalent culture of immune potatoes throughout the 
area exposed to infection has doubtless been a factor (Weiss, 1924). 
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Promising results have recently been obtained by steam sterilization, 
using the inverted-pan method. It has been found that this method was 
effective in killing the fungus when a pressure of 90 pounds was employed 
for 85 minutes. It would seem that this method or a modification of it 
might prove effective for small infested tracts or gardens, but it is too 
expensive for general use. 

A number of treatments making use of mercury bichloride, applied either 
alone or together with common salt to secure a greater penetration, have been 
successful in eliminating wart for 3 years. The rate of application varied from 

gallon of a 1-100 solution per square foot to 4 parts of bichloride, 25 of salt 
and 50 of water, applied at the rate of 1 gallon per foot. Other chemicals w^hich 
have been entirely successful in freeing the treated ground from wart for 3 years 
are Bordeaux mixture 8-8-50, K gallon per foot; kerosene, 1 pint per foot; lime 
sulphur, 1-12, 1 gallon per foot; sodium carbonate, 2 pounds per foot; and 
sulphur, 2 to 6 ounces per foot (Weiss, 1924). 

More recent tests of soil sterilization have been reported (Reach et ah, 
1925; Hunt et al., 1925), but the practical difficulties of any method of oil 
sterilization are so great that the success of this method of control is 
extremely doubtful. 

In localities in which the disease is established, control or preventive 
measures should be practiced. In the first place it should be noted that 
disinfection of seed is ineffective, and that even the most careful sorting 
of infected stock would not eliminate tubers showing slight infections or 
bearing adherent spores. The following control features may be empha- 
sized: (1) Do not use any seed stock from infested fields; (2) give 
especial attention to all sanitary measures which will prevent transporting 
the spores of the fungus from infected to clean fields (see Conditions 
Favoring Injection) ; (3) infested land should be cleaned as thoroughly as 
possible from all potato refuse, and should not be cropped to susceptible 
varieties of potatoes for at least 8 years, and all solanaceous weeds should 
be kept out; (4) in case of desire to continue the growing of potatoes on 
infested land select the best suited immune varieties for planting, or in 
case of a small area use one of the methods of soil sterilization. 

It can be stated as an established fact that immunity to wart is a constant ' 
character for several of our best potato varieties, and that for practical purposes 
in infested districts the culture of these varieties may be taken up and the presence 
of the disease ignored (Weiss, 1924), 
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IMPORTANT DISEASES DUE TO PONDSCUM PARASITES' 

Seedling disease (Olpidium brassicce Wor.).— This causes a damping-off of cabbage 
seedlings by attacking the stem at or near the surface of the soil. Woronin, 
M.: Jahrb.f. mss. Bot. 11: 556. 1878. Bensande, M.: A species of Olpidium 

parasitic in the roots of tomato, tobacco and cabbage. Phytopath. 13 : 451-454. 
1923. : ^ 

Blight (Olpidiaster radicis (de Wild.) Pascher). — This disease attacks the roots of flax 
and numerous other hosts, causing a blight, “ Flachsbrand ” of the Germans or 
'‘brulure du iin'^ of the French, PaScheb: Asterocystis de Wildeman und Aster- 
ocystis Gobi. Beihefte z. Bot. Centralhl. 35:578-579. 1918. 

Cranberry gall (Synchytrium vaccinii Thomas).— -Small, reddish galls are formed on the 
stems, leaves, flowers and fruits of the cranberry and other related species. 
Shear, C. L.: U. S. Dept. Agr., Bur. Plant Ind. Bui. 110: 37-38. 1907. 

Potato wart {Synchytrium endobioticum (Schilb.) Perc.). — (See special treatment, p. 
432.) 

Leaf galls (Pycnochytrium glohosum (Schr.) Schr.). — This disease is indicated by 
small, yellowish or reddish galls on the violet, wild strawberry, blackberry and a 
number of other hosts. 

Physoderma or brown-spot disease of com {Physoderma zemmaydis Shaw).— (See 
special treatment, p. 429.) 

Crown wart of alfalfa {Urophlyctis alfalfce (Lagerh.) Mag.). — This disease is character- 
ized by the formation of galls, varying from the size of a pea to others several 
inches in diameter, located at the base of the stem or on adjacent roots. Jones, 
F. R. and Drechsler, Charles: Jour. Agr. Res. 20: 295-323. 1920. 
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DISEASES DUE TO THE BLACK MOLDS AND ALUES 

ZYGOMYCETES 

The members of this group are forms with a much-branched, multi- 
nucleate, non-septate mycelium and reproductive structures in keeping 
with the terrestrial habit which they have adopted. The hyphse are 
frequently inflated or constricted rather than uniform in diameter. 
While the absence of cross- walls is the general rule, they are sometimes 
formed to separate young portions of the mycelium rich in protoplasm 
from old parts devoid of living contents. Cross-walls must also be intro- 
duced wh^n reproductive cells are formed. Under abnormaL conditions 
the mycelium of some species may break up into isolated cells which 
behave much like yeast cells. 

Asexual Spore Formation,— This is by one or the other of two methods : 
(1) non-motile spores in aerial spore cases or sporangia; or (2) non-motile 
spores, conidia, borne free on aerial conidiophores. A few species produce 
both sporangiospores and conidia. The sporangiophores are simple or 
variously branched, and the sporangia produce from a few to many spores, 
the number being indefinite. The conidiophores are also simple or 
branched and the conidia borne singly, or in chains. Some species are 
also able to form chlamydospores (see p. 380). 

Zygospore Formation. — Sexual reproduction is by the union of two 
equal and similar gametes or sex cells to form a zygospore. In the forma- 
tion of a zygospore two separate hyphse, or suspensorsj grow towards each 
other, each cuts off an end cell, the gamete^ these com’e in contact wdth each 
other, the separating wall is dissolved and the product of the fusion in 
forming the zygospore generally surrounds itself with a thick brown wall 
with various surface ridges or knobs. A zygospore germinates by the 
formation of hyphae which develop the characteristic mycelium. A 
gamete that fails to unite with another one may sometimes become 
transformed into a spore very similar to the true zygospore, and then is 
knowm as an azygospore. 

There is no morphological differentiation between male and female 
mycelia or hyphse, but it is known that physiological differences exist. 
The uniting gametes may be formed on different branches of the same 
mycelium or they may be produced by separate mycelia. The former 
are the so-called homothalUc types, the later the heterothallic types. The 
sex cells or gametes may be designated as plus (+) or minus (—), fusion 
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only occurring when opposites come in contact. Certain species produce 
only homothallic mycelia, while others are always heterothallic, and in 
the latter case two separate strains (+ and —) must be brought together 
upon the same substratum before zygospore formation can take place. 
Two orders of Zygomycetes are recognized: 

Entomophthorales. — The asexual spores in this order are conidia 
only. Most of the species are parasitic upon insects, and cause epizodtics 
of adult flies or of the larval stages of various moths (e.g., Empusa muscm 
Cohn of the common house fly; Entomophthom sphcerosperma Fresen. on 
larvse). One species, Completoria compZens Lohde, is parasitic on the 
prothallia of ferns. ^ 

Mucorales. — Either conidia or sporangiospores are formed by species 
of this order, but sporangiospores are the most common. Most of the 
species are saprophytes or weak parasites, but a few are obligate parasites. 
Most of these are unimportant, as they are parasitic on the mycelia of 
other fungi. In the five families only two genera, Rhizopus and Choane- 
phora, are of importance as furnishing parasites of crop plants, the 
former producing only sporangiospores, the latter, both sporangiospores 
and conidia. 
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RHIZOPUS DISEASES 

Rhizopus nigricans Ehr. 

The same organism is responsible for the rotting of various fruits, 
produces a soft or watery rot of tomatoes, cherries and strawberries, 
known as leak, plays a part in causing leak of the Irish potato, causes a 
soft rot and ring rot of sweet potatoes and attacks seed and seedlings on 
the germinator. 

1 Atkinson, G. F. : Bot Gaz. 19 ; 467 - 468 . 1894. 
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ThC' Organism. — Two types of spores are produced: asexual spores 
in sporangia; and sexual spores or zygospores, according to the general 
type, for the Mucoracese. The development may be traced beginning 
with the asexual spores. Under suitable conditions of moisture and 
temperature these spores germinate, a hypha generally growing out from 
opposite poles. These hyphse show a granular, richly vacuolated proto- 
plasm, remain without cross-walls and branch and rebranch until an 
interlacing tangle of mycelium is developed in the substratum. Up to this 
point the growth has been purely vegetative and in the substratum, but 
under suitable conditions groups of erect, aerial hyphse will grow up from 
the substratum. Some of these hyphse or stolons soon bend over, enlarge 



Fig. 139. — General habit of Rhizopiis. A, root hyphse, which penetrate the sub- 
stratum; B, aerial hyphse or sporangiophores bearing terminal sporangia C; D, a stolon. 
(After SinnotL) 


slightly at the end and, if they come into contact with the substratum) give 
rise to a cluster of branched hyphse which penetrate the substratum, 
while other branches from the swelling grow up erect, and each develops 
a spherical globular enlargement, the sporangium^ 'white at first but 
black as it becomes mature. From the base of each cluster of erect, aerial 
sporangiophores, one or more stolons may arise which grow out, strike 
root^' and develop another group of sporangiophores. This process may 
be repeated until the fungus has spread over the surface of the substratum. 
L ij '■ lu this typical condition the fungus becomes differentiated into the vegeta- 

tive or root hyphse, distributive hyphse, or stolons, and the aerial sporan- 
giophores which provide for spore formation. 
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AsexvM Spores . — The young sporangiophores, especially towards the 
free endS; are filled with densely granular protoplasm containing many 
nuclei. 

As the sporaiigiophore reaches its full length it begins to swell out at the tip 
into a tiny round body, the future sporangium. The contents of this are at first 
evenly distributed, being equally dense in the center and at the periphery, but 
before it has reached half its final size the protoplasm begins to be decidedly dense 
towards the sporangium wall, while in the center it is of a much looser structure 
(Swingle, 1903). 

Numerous minute nuclei are scattered through both central and periph- 
eral protoplasm, but they are more abundant in the peripheral portion. 
The central protoplasm is of a loose spongy texture with many large 
vacuoles, while the peripheral portion is dense and has a few very minute 
vacuoles. As growth continues the peripheral portion becomes more 



Fig, 140. — Diagrams showing the method of the columella and spore formation in 
Hhizopus nigricans. A, a young sporangium: B, showing the dome-shaped layer of vac- 
uoles outlining the columella; C, showing early stage of cleavage; D, showing the con- 
traction stage; E, expansion or polyhedral stage. {After Schwarze, Mycologia 14 , 1922.) 

sharply marked oflE from the central vacuolated portion and finally a 
cell wall is laid down which separates the external sporangium or sporog- 
enous portion from the central portion, which now constitutes the 
so-called columella. While the columella wall is being formed, changes are 
taking place in the dense peripheral protoplasm. Surface furrows or 
clefts appear w^'Mch cut progressively inward, and gradually the whole of 
the dense sporogenous protoplasm is cut up into angular masses of 
variable sizes containing two to six nuclei. These masses soon round off, 
and each forms a surrounding spore wall. During the process of matur- 
ing, the spores excrete a homogeneous slime which fills the intersporal 
spaces. The spores are set free by the breaking of the sporangium wall, 
but there is no explosive mechanism. The remnant of the sporangium 
wall may persist around the base of the columella as the so-called collar 
and separate the columella from the expanded end, or apophysis, of the 
supporting hypha. Some of the spores may remain for a time sticking to 
the columella, but they are ultimately scattered, leaving nothing but the 
old columella, which may finally become everted. 

The sporangia are 100 to 350/* broad, snowy white when young, but 
black when old. The cell walls of sporangiophores and of root hyphse are 



44,6 


MANUAL OF PLANT DISEASES 

iiyaline at first but become brown or brownish black with age. The 
spores are without any definite arrangement in the sporangium, variable 
in size, subglobular or broadly oval, generally longer than broad, 6 to Tlix 
in diameter, frequently with one or two blunt corners, and the external 
pale-gray wall marked by fine lines. 

Sexual Spores, — Rkizopus nigricans is a heterothallic species, that is, 
certain mycelia are physiologically different from others, although identi- 
cal in structure. Since they show no morphological sexual differences 
they may be designated as the plus (+) and minus ( — ) strains. When 
the mycelium of a plus strain mingles with that of a minus strain, sexual 
spores, or zygospores, are formed. In this process of zygospore formation 
a lateral branch from the + mycelium will grow out and come in contact 
at the tip with a similar branch from the — mycelium. By the time the 
two branches have come into contact, each has cut off a terminal multi- 
nucleate portion, a gamete, by a cross-wall. The cell wall separating 
the two gametes soon dissolves, allowing the protoplasmic contents to 
mingle, and the nuclei fuse with each other in pairs. This fusion mass 
increases in size and the two supporting cells, or suspensors, also increase 
in size. The cell produced by the conjugation or union of the two gam- 
etes, which now becomes the zygospore, develops a thick brown external 
wall covered with hemispherical warts or projections, while the inner wail 
remains colorless. The mature zygospores are globular or subglobular 
and 160 to 220 p in diameter. 

THE SOFT ROT AND RING ROT OF THE SWEET POTATO 

The soft rot and ring rot of the sweet potato are but different phases of 
the same trouble caused by Rkizopus nigricans, and not two distinct 
diseases, as was at one time supposed. The former is also called mush 
rot, vinegar rot or leak, while there are two phases of the later called soft 
ring rot and dry ring rot. 

History. — The first mention of soft rot of sweet potatoes as due to Rkizopus 
nigricans was by Halsted (1890). At the same time he described the ring rot, but 
attributed it to an entirely different organism, Neciria ipomwoe Halst., his diagnosis 
being based on the occurrence of the pinkish fruits of this fungus on the ring lesions. 
Taubenhaus (1914) studied both soft and ring rot and showed that the latter is caused 
by the same organism as soft rot (Rkizopus nigricans) and that Nectriai pomace Halst., 
as noted by Halsted, was probably only a saprophytic invader. The disease was 
further considered by Taubenhaus and Manns (1915) and also by Harter, Weimer and 
Adams (1918) in the general study of sweet-potato storage rots. Harter and Weimer 
have since published numerous papers dealing with various phases of Rkizopus 
nigricans and other species of Rhizopus which attack sweet potatoes in storage. 

Symptoms and Effects- — Roots affected by soft rot become very soft 
and water soaked, and a clear liquid oozes out if the rotted tissue is 
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broken. The rotted tissue is not changed in color at firsts but later 
becomes a cinnamon or chocolate brown. “It has a characteristic wild- 
yeast odor at first, followed by a wild-rose to rose-geranium odor later. 
Pressure in the bins causes the breaking of the skin and the watery fluid 
may leak out, making adjacent roots wet, thus indicating the presence of 
the trouble. Nothing is seen of the aerial sporangiophores of the fungus 
unless the rotting potatoes are exposed to a very moist atmosphere or are 
broken open. Under normal storage conditions the humidity is not 
sufficient to make the fungus fruit unless the rotted tissue is exposed by 
a break or crack. At such points the characteristic sporangiophores will 
frequently develop in large numbers. With the evaporation of moisture 
the potato dries up, finally becomes mummified and in this final stage is 
frequently referred to as dry rot. Rotted potatoes may become mummi- 
fied without the fungus ever appearing on the surface. 

In ring rot the infection starts at one or more places between the two 
ends and the lesions advance around the potato to make bands or rings 
of rotted tissue, which by drying and shrinkage become more or less 
depressed. These rings may be 1 or 2 inches wide and the affected tissue 
extend inch in depth or entirely through the root. The rotted tissue 
of a ring is soft at first, essentially similar to the tissue of the spreading 
type of soft rot, but when the fungus ceases to advance the affected tissue 
dries out and the dry rings are the final result. 

While both soft rot and ring rots are primarily troubles which develop 
in storage, they are not confined to the harvested crop. They may 
appear in the field previous to digging time, and are most prevalent in 
low, moist areas, in delayed harvesting or when the roots have been 
injured in cutting the vines. Soft rot may also cause trouble to the sets 
in the hot bed, rotting the seed pieces and injuring the young sprouts. 

Sweet potatoes suffer very heavily from storage rots, according to 
some estimates 30 per cent of the stored crop being lost. It has been 
estimated that of this loss nearly 20 per cent can be attributed to the 
ravages of Rhtzopiis nigricans or other Rhizopus species which behave in 
the same way. This condition seems to prevail from New Jersey to 
Alabama. The trouble still continues to take a heavy toll after the 
potatoes have been shipped to northern markets. 

Etiology. — Taubenhaus and others have proved by pure culture 
inoculations that Rhizopus ?iigricans Ehr., unaided by any other fungi, 
can cause the symptoms and effects described. The fungus gains an 
entrance very largely through mechanical injuries of some kind. Tt is 
especially during the period of sweating that infections are likely to occur, 
and poorly ventilated storage houses greatly favor the trouble, due to the 
slow evaporation of the moisture. The rapidity of the advance of the rot 
varies with conditions, but at room temperature a potato may be com- 
pletely rotted in 4 to 6 days. 
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Rhizopus nigricans is a fungus of very general prevalence. The spores 
may be found almost anywhere in dust and dirt. They are present in 
the field and in the storage house. Even though the storage house is free 
from them at the beginning of the season, they will doubtless be brought 
in with the harvested crop. Some roots which were infected in the field 
will soon produce spores in the storage room and, as the rot spreads, more 
and more spores are prevalent, and, being resistant to desiccation, viable 
spores are ready to settle into any crack or bruise and start infections 
wherever sufficient moisture for their germination is available. The 
mycelium in the rotted roots is rather short lived. Taubenhaus (1914) 
has shown that it is generally dead after 12 to 15 days, and that various 
saprophytes then follow in succession on the same substratum. This will 
explain the early errors concerning the cause of ring rot. Rhizopus nigri- 
cans is the most common species of Rhizopus found on sweet potatoes, but 
a number of other species are able to produce a similar rot. Harter et al. 
(1921) have determined that eight other species are parasitic on sweet 
potatoes and that the different species can be roughly grouped into 
high, intermediate and low temperature forms. The high-temperature 
forms thrive best at temperatures varying from 20 to 40°C.; the inter- 
mediates, at temperatures varying from 20 to 35°C. ; and the low-tempera- 
ture forms, at temperatures ranging from 15 to 20°G. R. nigricans 
belongs to the low-temperature group, and is more favored by the tem- 
peratures at which sweet potatoes are ordinarily held. Rhizopus species 
cause rot by the secretion of the enzyme, pectinase, which dissolves the 
middle lamell® of the cells and so causes their separation. 

Varietal Susceptibility. — It had been frequently noted that some 
varieties of sweet potatoes are more susceptible to Rhizopus rot thfl.n 
others. This had been based largely on field observations until the work 
of Harter and Weimer (1921). Their tests of 16 commercial varieties 
showed that they could be divided roughly into three groups: (1) venj 
susceptible, including Gold Skin, Little Stem Jersey, Early Carolina, 
Florida, Red Brazil, Haiti, Yellow Belmont and Dooley (100 per cent); 
(2) intermediate, including Porto Rico, Big Stem Jersey, Triumph, 
Pierson, Florida and Dahomey; (3) quite resistant, Nancy Hall and 
Southern Queen. These tests were based on the percentage of infection 
and on the rapidity of advance of the rot. 

Control. — The prevention of Rhizopus rots of sweet potatoes is 
inseparably connected with the control of storage diseases in general, and 
requires special care in harvesting, curing and storage. Important 
features of harvesting are: (1) Dig only when roots are well matured; 
(2) avoid frost injury before or after digging; (3) dig in warm, dry weather 
rather than in wet periods; (4) do not store wet potatoes in great bulk; 
(5) avoid long exposure to hot suns; (6) dig only what can be dried and 
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picked up before night; (7) dig and handle with extreme care to prevent 
cutting or bruising. 

The first 10 days to 2 weeks of the storage period is marked by the 
giving off of much moisture, amounting to 6 to 8 per cent of the original 
weight of the roots. Prevention of rot is dependent on producing as rapid 
an evaporation of this moisture as possible, as thoroughly dry surfaces 
prevent Rhizopus or other spores from germinating. The potatoes must, 
therefore, be cured for 10 to 18 days in a well-ventilated room with a 
temperature of 75 to 80°F. Following the curing period the temperature 
should be held at as near 55°F. (50 to 60°F.) as possible and the humidity 
should be held between 40 to 70, but below the higher figure, as that is 
the danger point. 

The disinfection of seed roots with mercuric chloride is quite generally 
recommended. A similar reduction in strength occurs as in its use for 
the treatment of Irish potatoes, so if used continuously the treating 
solution soon becomes too weak to be effective. The present recommen- 
dation is based on the report of Weimer (1921). Dip in the bushel 
hampers or wooden crates in a solution of mercuric chloride, 1 ounce to 
8 gallons of water, for 10 minutes and then spread out to dry at once. 
After treating 10 bushels, add % to ounce of mercuric chloride and 
restore solution to the original volume. Discard the solution after 
treating 50 bushels, 

LEAK OF STRAWBERRIES 

Special attention has been given in recent years to the leak or soft, 
watery rot of strawberries, due to R, nigricans. It was reported as an 
important transportation trouble of strawberries by F. L. Stevens (1914), 
and later (1916) he stated that it is responsible for most of the losses to 
shipped berries. The rotting of strawberries in transit from southern 
states has been studied in some detail by N. E. Stevens and co-workers 
(1916 and later). It has been shown that Botrytis and Rhizopus species 
are the most important causes of rotting of strawberries, although there 
are many other fungi which may play a part. Botrytis is the cause of a 
rotting in the field previous to picking, while Rhizopus works largely on 
the harvested crop, but sometimes in the field (Melchers, 1921). The 
former does not produce a wet rot, but transforms the affected berries into 
hard, shriveled mummies. Rhizopus rots are the most frequent and 
destructive on berries shipped from the southern states, while in the New 
England states and in California, Botrytis is more frequently the cause 
of trouble. 

Symptoms and Effects, — The berries rotted by Rhizopus soon 
become flattened, with considerable loss of juice, hence the appropriate 
name of '4eak.^^ The evident whiskers or aerial hyphm which appear 
on the rotted berries are an external indicator that the berries are already 
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pervaded by the mycelium of the fungus. Shipments from the extreme 
South to northern markets are sometimes on the road for a week or more, 
and even fruit which appeared firm and sound at the time of picking may 
reach its destination in a badly rotted condition. 

Etiological Relations. — Stevens has shown that Rhizopus alone, with- 
out the aid of any other fungi, may give rise to all the characteristic 
symptoms and effects of leak. It is not necessary for Botrytis or some 
other fungi to pave the way for its entrance. It does not seem to be able 
to enter the unbroken epidermis, but in soft fruits like strawberries it is 
difficult to handle them without causing bruises which are sufficiently 
numerous to serve for entrance. The hyphae of the Rhizopus enter 
between the cells and ramify in the intercellular spaces, rarely if ever 
entering the cells. They are confined largely to the periphery of the fruit. 



Fig. 141. — Strawberries slightly and severely attacked by Rhizopus nigricans, the cause of 
leak. Berries held for 48 hours in moist chambers. 

but may penetrate deeper if rotting takes place under rather dry condi- 
tions. While the fungus dissolves the middle lamell®, as noted for the 
sweet potato, it apparently has an effect on the protoplasm which changes 
its permeability and so allows the cell sap to escape into the intercellular 
spaces. 

It has been shown that the temperature relations and mechanical 
injuries are the most important factors influencing the amount and 
severity of the Rhizopus rot. The rot develops rapidly at temperatures 
between 16 and 20°C. and slowly or not at all at 10°C. or lower. It has 
been noted that berries picked and packed when wet keep better than 
those picked dry, or those picked in the cool of the morning keep better 
than those picked in the heat of the day. If strawberries must be washed 
to remove sand they should be packed and shipped wet without any 
attempt at drying, but washing of berries that have been picked dry is not 
to be recommended (Stevens and Chivers, 1919). These relations were 
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at first attributed to the effect of the evaporation in lowering the tempera- 
ture and so making conditions less favorable for the growth of Rhizopiis, 
but the recent results of Hawkins and Sands (1920)^ which show that 
lowering of temperature increases the resistance of the epidermis to 
puncture or mechanical injury, are especially significant. Lowered 
temperatures mean less mechanical injury, consequently less opportunity 
for the entrance of Rhizopus. 

Control or Prevention, — Careful attention should be given to sanita- 
tion in the field and in the packing house to remove sources of infection. 
Packing house and tables should be kept clean, and cull fruit should not 
be allowed to accumulate where it will be producing crops of spores, but 
should be destroyed. The berries should be handled as little as possible, 
and, when handled, the utmost care should be taken to prevent bruising. 
Advantage should be taken of the known facts concerning the tempera- 
ture relations of the rot. Berries for shipment should be kept as cool as 
possible from the time they are picked, and should be refrigerated as 
early as possible. Delay between picking and refrigeration is sometimes 
disastrous. Even though the berries may be contaminated with Rhizo- 
pus spores, with proper handling and with adequate refrigeration in 
transit (10°C.) they should reach the market in good condition. Pony^’ 
refrigerators have made long-distance express shipments possible. 

OCCURRENCE OF RHIZOPUS ON OTHER HOSTS 

The two crops considered, sweet potatoes and strawberries, suffer 
more generally and more severely from Rhizopus rots than any others, 
but various vegetables and fruits suffer at times from soft rots or leak. It 
has been shown that Rhizopus nigricans is one of the causal agents of 
leak or melters of the Irish potato (Orton, 1909 ; Hawkins, 1916), although 
another fungus (Pythium debaryanum) is more frequently associated with 
this trouble. Apples, pears or quinces may be attacked, while plums, 
peaches and cherries also suffer. The writer observed one case of severe 
Rhizopus leak in sweet cherries which were held several days in common 
storage before shipment. Currants, raspberries, blackberries and mul- 
berries have all been affected in fact, it seems that no soft fruits are 
exempt. Rhizopus rot of tomatoes has been reported from England 
(Wormald, 1912) and Germany (Behrens, 1898), and has been occasion- 
ally noted in the United States. A soft rot of the fig in Louisiana has 
been described by Edgerton (1911) as due to R. nigricans: 

The trouble occurs chiefly during rainy spells in the summer when the fruit is 
ripening. The fruit sours, becomes soft and rotten and, finally, generally falls 
to the ground. At the time the fruit falls it is generally so soft that it goes all 
to pieces when it strikes the ground. 
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Rhizopus has long been known to cause injury to germinating seeds 
(Muth, 1908), but Adams and Russell have recently (1920) studied the 
Rhizopus infection of corn on the germinator and have shown that the 
fungus penetrates the scutellum, causing a “retarded growth, under- 
developed shoot and subnormal color of the leaves.” 


•Development of sporangiophores from cut surface of an apple rotted by Rhizo-pus 
nigricans. 
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BLOSSOM BLAST AND FRUIT ROT OF THE SQUASH 

Choanephora cuciirbitarum (B. & Rav.) Thax. 

This disease is characterized by a blighting of the blossoms followed by 
a rotting of the young fruit. The fungus was first described by Berkeley 
from decaying squashes from South Carolina (1875). It was reported 
from Brazil by Moller (1909), who found it on hibiscus flowers. Clinton 
reported it on squash flowers in Connecticut in 1902-1903, and it was also 
studied by Thaxter (1903). Both writers considered it parasitic on the 
squash. A recent study is by Wolf (1917), who attached importance to it 
as a disease of the squash in North Carolina, where it was found “most 
destructive on the ^pattypan ^ types of summer squashes commonly known 
as cymlings.^^ It appears to be epiphytotic only under conditions of high 
humidity and excessive rainfall. It was noted by the writer in Texas on 
summer squashes in 1911. More recently it has been reported on chillies 
(Dastur, 1920) and as the cause of a disease of amaranth (Palm and 
Jochems, 1924). 

Symptoms and Effects. — The flowers or young fruits become covered 
with a luxuriant growth of conidiophores. They are first evident the day 
following the opening of the flowers, and at this time the conidial heads 
are white. The fructifications soon change to brown and finally to 
purplish black, and then have a peculiar metallic luster. The attacked 
tissues turn brown and become soft and apparently water soaked. Both 
staminate and pistillate flowers may be affected, and in the former the 
pedicel may also be involved. In pistillate flowers the fungus advances 
from the corolla into the young squash and a soft, wet rot is the result. 
In the most severe cases all of the flowers of a vine may be blighted or the 
fruits may be blighted when very young or rotted after they are partially 
grown. 

Etiology. — This trouble has been attributed to Clioampliora cucurhi- 
tarum (B. and Rav.) Thax., the causal relation being based largely on 
association rather than on inoculations with pure cultures. Infections are 
supposed to take place through the corolla. Under normal conditions the 
faded, shriveled corolla persists for some time, and under very humid con- 
ditions this offers a very suitable substratum in which the fungus can 
establish itself, and from which the advance can be made into the ^mung 
delicate tissues of the developing fruits. The mycelium is both inter- 
cellular and intracellular, and produces no evidence of necrotic changes 
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beyond the tissues actually invaded. The same fungus has been found 
on the faded flowers of cucumber (Citcwmfs mtivm), rose of Sharon 
I (Hibiscus syriacus), scarlet hibiscus {H, coccineus)^ okra (il. escnlentus) 

md cotton (Gassy yium herhaceum). 

The simple erect conidiophores which are produced in such profusion 
on the host parts are expanded at the tips into capitate enlargements. 
Each head, or capitulum, produces a few to a dozen or more cylindrical 
branches, each one of Which also forms a globular head, and from these the 
conidia are formed by a budding process. The young heads are white, 
but they soon darken, and with the closely clustered conidia present a 
> superficial appearance not unlike an Aspergillus. The conidia are oval to 

elliptical, longitudinally striate, light to reddish brown, 15 to 25 by 7.5 
to 11/i, and each is provided with a delicate hyaline appendage, a portion 
of the sterigma on which it was borne. The sporangiophores have been 



Fig. 143. — Choanephora cucurbitarum. il, immature conidiophore with ramuii devel- 
oping on the primary vesicle; bud-like processes, the beginning of conidial formation 
on the capitellum; C, conidia; D, mature capitulum covered with a. layer of conidia; 
primary vesicle from which ramuii have been detached; F, mycelium ;in tissue of squash- 
flower pedicle. (After "Wolf, Jour. Agr. Res. St 1917.) 

studied mostly from cultures, since they seem to be rarely produced on the 
host. The sporangia appear as pendant, white, globular structures, 
which become black at maturity and vary from 35 to lOO/x in diameter. 
The sporangiospores are ovoidal or elongated, sometimes inequilateral, 
colored like the conidia and 18 to 30 by 10 to 15^* The walls are smooth, 
but provided with either lateral or terminal tufts of hair-like appendages. 
The species is heterothallic according to Blakeslee, and zygospores are 
formed in the way outlined for Rhizopus nigricans. They vary from 
50 to 90/.t in diameter. The spores of the fungus are disseminated by 
the wind, but it seems probable that insects are also very important 
carriers. Bees and the common striped and spotted cucumber, beetles 
appear to be important agents, since Wolf has shown that the spores of the 
pathogene can be easily recovered by making microscopic tests of water in 
which these insects have been washed. 

Control.— No data are available on control. Since many more blos- 
soms are formed than can set fruit, it seems probable that special control 
measures will not be necessary under average conditions. 
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CHAPTER XIX 


DISEASES DUE TO LEAF CURLS AND RELATED FUNGI ' 

EXOASCACE-® 

The leaf curls and related fungi are obligate parasites belonging to the 
primitive ascomycetous family, the Exoascacese. They attack mainly 
woody species, but one genus contains species which parasitize ferns. 
The principal hosts of economic importance are either forest or fruit trees. 
Among important forest-tree hosts the following may be noted: birch 
(Betula), alder (Alnus), oak (Quercus), poplar (Populus), iron wood 
(Carpinus), hop hornbean (Ostrya), and hawthorn (Crataegus). Wild 
and cultivated species of Prunus (especially peaches, plums and cherries) 
and some Pyrus species are the noteworthy hosts among fruit trees. 

General Characters. — Both vegetative and reproductive characters 
of the family are so distinctive as to permit a ready recognition. The 
important features are (1) an abundant intercellular (with a single excep- 
tion), septate mycelium of very irregular cells, which vary greatly in 
length and diameter; (2), the production of four- to eight-spored asei in 
extensive palisade-like layers, which originate from the intercellular 
mycelium, either beneath the cuticle or under the epidermal cells (in the 
epidermal cells in species of Taphrinopsis on Pteris); and (3) the ten- 
dency for ascospores to bud either in the ascus or after their discharge. 
In the case of budding of ascospores previous to their liberation, asci 
may appear to bear many ascospores instead of the limited number 
characteristic of most ascomycetes. 

The general effect of infection is more or less hypertrophy, generally 
accompanied by hyperplasia. Leaves may be discolored and blistered, 
crinkled, curled, arched or puckered, while other affected parts may be 
enlarged and variously distorted. The presence of the internal mycelium 
in certain species stimulates abnormal or excessive branching with the 
production of a witches'-broom type of growth. The most characteristic 
feature of the family is the spreading out of the ascus layer over the 
surface of hypertrophied plant organs, especially leaves or carpels, rather 
than the organization of specialized ascus fruits. In some species the 
mycelium is perennial, persisting in the twigs during the winter period, 
while in many cases reinfections must occur each spring. 

The Genus Taphrina.-“Pormerly, two important genera of Exoasca- 
ceaj were recognized: Exoascus and Taphrina, the former with foui- to 
eight-spored asci, the latter with many-spored asci. Since the many- 
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spored asci were shown to be the result of budding, this separation of the 
two genera was abandoned, and when other distinguishing characters 
were not found, the two were united under the single genus, Taphrina, 
in three subgenera: 

1. Taphrinopsis, with club-shaped asci narrowed at the base; parasitic 
on ferns. 

2. Eutaphrinay with plump, cylindrical asci, more or less truncate at 
the apex; parasitic on Amentacese, especially birches, alders, oaks, etc. 

3. EuexoascuSy with club-shaped to narrowly cylindrical asci more or 
less rounded at the apex; parasitic on Rosacea, especially on species of 
Prunus and Pyrus. 
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PEACH LEAF CURL 

Taphrina deformans (Fd) Tul. 

The peach and its derivatives are affected by a serious fungous dis- 
ease, the most striking effect of which is the production of thickened 
curled leaves of yellowish or reddish tints instead of the normal color. 
On account of this characteristic effect, it has been called peach leaf curl, 
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but less frequently curl, curly leaf or leaf blister (Krauselkrarikheiti \ 

German; Cloqm du pecker, French). | 

History. — The leaf curl of the peach was known in England at least as early as i. 

1821, being described by an English gardener as a type of blight called blister and curl 
It was years afterwards before the parasitic nature of the disease was recognized and 
the causal organism described by the English mycologist Berkeley in 1860. There 
are records of the occurrence of the disease in Australia as early as 1856. Various t 

attempts have been made to determine the country of origin of peach leaf curl, but no 
positive information has been obtained. There are some indications that it came from ‘ 

China, the original home of the peach, since seedlings are generally very susceptible 
and the Chinese Saucer peach is lacking in resistance. The disease must have been i 

well established in European countries by 1880, as it was given prominent considera- 
tion by scientists in Great Britain, Germany, France and Italy about that time and 
during the years immediately following. i 

While European workers understood something of the nature of the parasite and i 

described the symptoms and effects of the disease, they were slow in devising any [ 

effective control measures. From the earliest work up until about 1896 they con- I 

sidered the parasite perennial in the twigs and buds of the host and recommended the 
destruction of diseased leaves and the cutting out of affected twigs as the only means 
of control. '^The first real progress in control was made by accident by California 
growers about 1880-1885, when t^^y began using the lime, sulphur and salt solution j; 

for the control of San Jose scale.'^ They found that their trees given this dormant | 

spray previous to the opening of the buds were generally free from leaf curl. Experi- ; 

ments carried out by Benton in the orchard at the University of California in 1890 
showed that winter treatment with copper sprays would also effectively control the 
disease, that summer treatment was entirely ineffective and that infection of the spring 
growth by a perennial mycelium was the exception rather than the general rule. The 
copper treatment for leaf curl was independently discovered in Australia in 1891. 
Notwithstanding the success of Californian and Australian workers, the successful ; 

control of leaf curl in Europe was not recorded until 1898. Even workers in the | 

eastern United States were slow to learn about or to accept the findings of their western , 

neighbors. Successful control was recorded by Taft in Michigan by 1893, but several I 

years later Duggar (1899) and Murrili (1900) published bulletins from Cornell Univer- i 

sity giving experiments on control which seemed to indicate that they were unfamiliar [ 

with the practices in California. A very exhaustive study of leaf curl was begun in | 

1893 by Pierce of the U. S. Department of Agriculture, culminating in the publication i. 

of a large bulletin in 1900. This work was largely responsible for our present practices 
in control, which have been modified only in minor details. 

Geographic Distribution. — The leaf curl of the peach has become practically wrorid | 

wide and is known in all countries where peaches are grown, although it has not devel- | 

oped in certain peach-growing regions where climatic conditions are generally unfavor- [ 

able. Previous to the discovery of the successful methods of control, it was considered j 

the most important fungous disease of the peach tree, especially in the cooler climates. j 

It has been destructive throughout Europe, parts of China and Japan, northern and [ 

southern Africa, Australia and to some extent in South America and New Zealand. ] 

In America the disease has been especially serious in the Pacific Coast section, includ- 
ing peach districts from California to British Columbia, west of the Cascades. The 
most important irrigated districts of central Washington have, however, remained free 
from the disease. East of the Rocky Mountains the disease has been most prevalent in 
the Great Lakes regions of Michigan, Ontario, Ohio, New York and adjacent territory. 

In the warm, semiarid regions of the Southwest it is either rare or entirely unknown. I 
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Fig. 144. — Peach leaves affeeted with leaf curl {Photograph by B, F. Dana.) 


infections may be so numerous as to ‘destroy almost the entire foliage. 
The bright color of the affected foliage is a striking feature of the disease, 
making the diseased trees especially conspicuous. As the season pro- 
gresses, the red coloration becomes less pronounced, chlorophyll disappears 
almost entirely and a grayish bloom or powdery coating (the spores) 
appears over the upper surface of the affected portions of the leaves. 
After this stage, the leaves gradually turn brown, wither and fall from the 
tree in the latter part of June or early in July, the length of time required 
for defoliation depending upon the climatic conditions which prevail, the 
process being hastened by hot, dry weather. Attacks of leaf curl may 
show all stages of severity from a few scattering infections to complete 
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defoliation. Following the loss of leaves, a new set will be prodiiceci from 
dormant buds. 

The young terminal twigs may also be involved, being reduced in 
length, more or less swollen and pale green or yellow. In such cases the 
end of the shoot may be enlarged for a length of 4 or 5 inches. Such 
affected shoots generally produce nothing but curled leaves, and the 
majority die back, but in some the terminal bud may continue to grow and 
produce a healthy shoot, while the hypertrophic portion wall remain as a 
rough cankered zone at its base, sometimes showing exudation of gum. 
This behavior of the disease is by no means general, but is probably 
responsible for the old belief that the parasite was perennial in the twigs. 

In severe infections the blossoms and young fruits are affected, but 
these are blighted and fall from the tree very early; consequently this 
phase of the disease is frequently overlooked. 

Young fruits when infected become much distorted, owing to the portions 
becoming greatly enlarged. Such fruits seldom remain long on the tree, as they 
become scabbed and cracked, and soon fall. Maturing fruits are commonly 
attacked — this phase of the disease being more common than is generally recog- 
nized — and as a result swollen, irregularly shaped areas, usually bright colored, 
appear on the surface. These areas are much wrinkled, and on peaches often 
appear as if polished, owing to the absence of those hairs which normally cover 
the surfaces (Cunningham, 1923). 

The injury from leaf curl may be summarized as follows: (1) the loss 
of the foliage in the spring is a heavy drain on the vitality of the trees,, 
since a new crop must be produced; (2) repeated loss of foliage through a 
period of years may so lower the vitality as to cause the death of trees; 
(3) lowered vitality may reduce or entirely prevent the setting of fruit 
buds for the next year; (4) lowered vitality and prolonged growth at the 
end of the season may make the trees more likely to winter kill; (5) 
blossoms and young fruits drop because of direct attacks; (6) fruits fail 
to set or to remain on the tree because of defoliation, even when direct 
invasion does not occur; (7) terminal twigs are killed back or buds are 
killed in nursery stock. The amount of injury suffered in a given case 
will depend upon the extent and severity of the disease, and the general 
vigor of the trees previous to and following an attack. 

Losses. — Considering the various ways in which the disease causes 
injury to trees, it will be seen that an estimate of actual financial loss for 
the country as a whole is rather difficult. At a time when control prac- 
tices were not well developed, Pierce (1900) estimated that the annual loss 
to the country would amount to $3,000,000 or more. This was a con- 
servative estimate based on a detailed and extensive survey of all parts of 
the country. With the adoption of effective spraying, the losses have 
been greatly reduced in recent years, but there are still many growers 
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who are either ignorant of the control practices or are willing to chance 
that the disease will not be serious. It is now nearly 25 years since effec- 
tive control practices have been known, but the annual loss has recently 
been estimated by the Plant Disease Survey to amount to as high as 
15 per cent in some sections. 

Etiology.— Leaf curl is caused by an obligate parasite, Taphrina 
deformans (FcL) TuL, a primitive sac fungus, or ascomycete, which devel- 
ops an intercellular, septate mycelium within the affected parts. This 
fungus was first described by Berkeley in 1857 as Ascomyces deformans, 
but was later named Exoascus deformans by Fuckel (1869). It was 
described by Tulasne as Taphrina deformans in 1866 and that name is 
employed by most current writers. 

The mycelium of the fungus may be readily observed by making a 
dissection of affected tissue that has been treated for a few minutes in 
warm, dilute caustic potash, or carefully prepared sections may be used 
when detail of arrangement and relation to host cells are desired. The 
mycelium is found to be quite generally present in the intercellular spaces 
of hypertrophied leaves and in the cortex of swollen twigs. Pierce has 
recognized three types: (1) Vegetative hyplice, the common type in the 
parenchyma tissue of leaves, leaf stalk or cortex of affected or distorted 
branches. This vegetative mycelium shows cells of very irregular form, 
and size much curved and twisted and of varying diameter. (2) 
Distrihiitive hyphm, the form found close beneath the epidermal cells of 
diseased twigs and very abundant in the pith. They are composed of 
more elongated cells, of rather uniform diameter, and are arranged parallel 
to the stem axis. They are supposed to be concerned primarily with 
spreading the fungus in the branch. (3) Fruiting hyphce, the kind 
developed between the cuticle and the epidermal walls of the upper epi- 
dermis. Vigorous, well-developed vegetative hyphse fill the intercellular 
spaces just below the upper epidermis of the leaf, and branches from these 
penetrate between the epidermal cells and form an extensive layer of 
short, more rounded cells, the ascogenous cells, between the cuticle and 
the upper epidermal wall. These ascogenous hj^pha are filled with a 
dense granular content of nutritive material for the development of the 
asci. The asci are formed by upward elongations from the ascogenous 
cells, and a cross-wall is formed in each, leaving a stalk or foot poition and 
the terminal aseus. This upward growth of the developing asci raises the 
cuticle and this is either pierced or torn and disappears, leaving the asci 
exposed to the surface as a more or less continuous plush-like coating, 
which in section will appear as a palisade-like layer. 

The asci are usually flattened or somewhat truncate at the free end, 
broader above than below, and vary from 25 to 44^ long by 8 to 12^1 in 
diameter. Each ascus normally forms eight spores, but the number may 
vary from three to eight. The ascospores are oval to spherical, 6 to 9ju 
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by 5 to 7 jjLj hyaline and surrounded by a firm but rather inconspicuous 
wall. They are forcibly expelled through an apical slit or rupture in the 
ascus and may accumulate on the surface of the leaf, giving the white or 
P!;ra 5 dsh powdery condition described in the consideration of symptoms. 
The ascospores may form buds, and these may separate as primary 
conidia either within the asci or after they have been set free. These 
primary conidia may continue the budding process and develop secondary 
conidia. In this way the fungus will produce a slow-growing, yeast-like, 
delicately pink colony on solid media, consisting of budding conidia, short 



Fig. 145. — Section of a peach leaf affected with leaf curl. Asci containing ascospores 
are forming on the upper surface; a, cuticle of leaf; h, bits of mycelium of the fungus; c, 
young asci with spores not yet formed; d, spores just formed; e, spores being divided into 
smaller ones; /, spores discharging; g, empty ascus. (After Swingle, Mont. Agr. Exp. Sta. 
Circ. 37, 1914.) 

mycelia and resting cells (Mix, 1924). Ascospores may also germinate 
direct by the formation of stocky germ tubes. The exact part played by 
these two types of germination in the production of new infections is 
somewhat uncertain. The ascospores or the conidia produced from them 
are borne away from the diseased leaves before they wither and fall and 
nothing more is seen until new infections appear in the following spring. 

The place of sojourn of the fungus and the form in which it passes the 
summer, fall and winter are uncertain, but it seems probable that it 
hibernates on various tree parts to which it has been carried by the wind. 
In whatever form it persists, it is certain that it is present in such form and 
place as to cause new infections when the buds swell in the spring, but is 
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also capable of causing less common and less serious infections after the 
unfolding of buds (Mix, 1925). This opinion is based in part on the 
following evidence: (1) Trees sprayed before the buds swell in the spring 
show little or no infection, while unsprayed trees under exactly the same 
conditions develop the disease; (2) the disease generally appears first on 
leaves just as they are unfolding from the bud; (3) spraying after the buds 
have swollen does not prevent the disease. 

From the recent careful work of Mix (1924), the following features are 
worthy of consideration as bearing upon the life history of the leaf-curl 
fungus:’ (1) The conidia produced by the budding of the ascospores can 
grow saprophytically in cultures and may perhaps do so in nature; (2) the 
conidia are able to withstand desiccation sufficiently long to enable them 
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Fig, 146 — Cross-section through a peach leaf affected with leaf curl along the line of 
diseased and healthy tissue. (After Wallace and Whetzel, Cornell Unve, Agr. Exp, Bia, Bui. 

276 .) 


to survive until infection occurs in the spring; and (3) the conidia can and 
do infect young unfolding leaves as shown by inoculation experiments. 

It was formerly supposed that the fungus was perennial in the twigs 
and invaded the opening buds, without the necessity of new infections 
taking place. While this may occasionally be true, the success of spray- 
ing in controlling the disease, by preventing 90 to 98 per cent of the infec- 
tions, shows that perennial mycelium plays a very minor part in the life 
of the fungus. Also, the prevalence of the disease only during cold, wet 
springs is in opposition to any general persistence of a perennial mycelium. 

Pathological Anatomy* — The first effect of the leaf-curl mycelium is to 
irritate the host cells and stimulate them to an abnormal activity. In 
the infected leaf, the cells are increased in size and number and marked 
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changes in form and structure occur. This increase in size and number of 
cells is most marked in the palisade parenchyma, and the affected cells 
suffer almost a complete loss of chlorophyll. The increase of cells on 
either side of the midrib causes a pronounced gathering or cross-wrinkling, 
with the midrib acting like a puckering string. At the same time the 
affected leaves generally become more or less concave below and convex 
above, since the palisade parenchyma suffers more hyperphasia than the 
spongy parenchyma. The mycelium is entirely intercellular, and pro- 
duces no haustoria, or sucking organs, to penetrate the host cells, but does 
come into very close physical relation to them. 

In affected shoots there is a great increase in the number and size of 
the cells of the cortical parenchyma. The cells are more angular than 
normal and show variation in the thickness of the walls. The cortex may 
be eight to ten times as thick as normal. Such affected shoots generally 
show greatly shortened internodes, with the enlarged leaves crowded to 
give a plumed, tufted or rosette appearance. 

Predisposing Factors. — It is perhaps fortunate that leaf curl requires 
certain conditions for its development that are not offered every season 
in a given environment. It is a notable fact that the disease is epiphy- 
totic at certain periods, while during another season it may be almost 
entirely absent. It has been generally observed that curl is favored by 
cold, wet weather when the leaves are opening from the bud, and it has 
been shown by careful studies of epiphytotics that their occurrence is 
dependent upon the weather conditions. Low temperature and wet 
weather at the critical time, when the leaves are unfolding, the time when 
the majority of infections take place, are believed to favor the disease for 
the following reasons: (1) Transpiration is checked out of all proportion 
to root absorption, and the leaf tissue becomes gorged or distended with 
water, making it very susceptible to the fungus; (2) the growth of the host 
is retarded, while at the same time the moisture and temperature condi- 
tions are favorable for the germination and growth of the fungus. In 
some regions the absence of leaf curl is explained largely by the failure to 
have proper conditions of either moisture or temperature at the normal 
infection period. 

On the other hand, the general absence of the disease from certain 
regions like the peach-growing sections of Texas and the Southwest may 
be explained on another basis. It seems probable that the conidia would 
not be able to withstand the devitalizing temperatures which prevail 
during the summer months. This conclusion is suggested by the fact 
that conidial cultures are “completely devitalized when kept for a few 
days at 30^0.^^ (Mix, 1924). 

The above consideration will perhaps make it clear why leaf curl is 
more likely to be severe in the neighborhood of large bodies of water — for 
example, near lake shores or along river valleys. In such localities there 
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is a greater Immidity of the air and the temperature factor in the early 
spring is more likely to be favorable. Rainfall alone is a minor factor, as 
may be noted in the Pacific Northwest, where the disease is severe in the 
region of heavy rainfall west of the Cascades and also severe in certain 
localities east of the Cascades in which the rainfall is light. Regions of 
heavy dews, but with light rainfall and early warm spring weather, are 
unfavorable to the disease. 

Host Relationships. — ^Leaf curl is distinctively a disease of the peach oi 
its derivatives, such as the nectarine and the peach-almond. Its occurrence 
on the almond may be considered very exceptional. Among varieties of 
peaches great variations are shown in susceptibility to the disease. It seems 
to be quite generally conceded that seedlings are more susceptible than 
budded trees, although many budded trees show very high susceptibility. 

Pierce made a very exhaustive study of nearly 200 varieties and came 
to the conclusion that varieties which are reported resistant in one environ- 
ment may be susceptible when grown under other conditions, and this is 
substantiated by reports from other countries. Some of the best com- 
mercial varieties seem to be very susceptible — for example, the Elberta, a 
general favorite, and the Lovell, a favorite in California. Since it is pos- 
sible ^^successfully to grow the most susceptible varieties in the most 
unfavorable situation” (Pierce) by following the accepted methods of 
control, growers should give first consideration to the selection of varieties 
otherwise suitable to their environment or to their trade and only second- 
ary consideration to their behavior with reference to leaf curl. Because 
of variation in resistance, selection should be made on the basis of regional 
experience, rather than on reputed resistance in distant sections. 

Control. — Previous to our knowledge of the real habits of the leaf-curl 
fungus, recommendations for control were made which we now know are 
entirely ineffective (see History). It has been shown that the leaf-curl 
fungus persists on the trees in some form during the dormant period and 
that it can be reached and killed by sprays applied at that time. It has 
repeatedly been demonstrated that the disease can be effectively con- 
trolled by a single application of fungicide— Bordeaux, copper sulphate or 
lime sulphur — previous to the swelling of the buds in the spring. The 
question may very properly be asked as to what constitutes effective con- 
trol. The results obtained by a number of experimenters may be cited: 


Experimenter 

Unsprayed, 
per cent 
leaves curled 

Sprayed, 
per cent 
leaves curled 

Murrill, 1900 

23 

0-2.5 

2.3- 6. 1 

5. 3- 8. 3 

0.9 

0.016-0.05 

Wallace and Whetzel, 1909. 

34.3 

Wallace and Whetzel, 1909. 

41.3 

Wallace and Whetzel, l909. 

58.9 

16.87 

Reddick and Toan. 
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Numerous reports from practical orchardists claim almost no leaf curl 
on sprayed trees and heavy infection on unsprayed trees. No carefully 
planned experiments have given failure, but some orchardists have 
claimed that spraying did not control the disease. These failures are 
undoubtedly due to lack of attention to the factors which make for success. 
These are: (1) the time of application of the fungicide; (2) thoroughness of 
application; (3) the fungicide employed. Of these three factors, the first 
two seem more likely to be the cause of failures, since good results have 
been obtained with copper sulphate, 2 pounds to 50 gallons of water, 
different strengths of Bordeaux, from 3-3-50 to 6-6-50, and commercial 
lime sulphur (Baume test 32°) 1-9 to 1-15. Promising results have 
recently been obtained by the use of soluble sulphur dusts (Massey and 
Fitch, 1923). 

To be successful, the fungicide selected must be applied before the 
buds begin to swell in the spring, as the fungus must be killed before any 
opportunities are afforded for infection. It was formerly thought that 
the successful treatments would be obtained only when spraying was 
carried out during 1 to 3 weeks previous to the opening of the buds, but 
tests carried out in New York have given successful control when the 
trees were sprayed in either late fall or winter. Complete covering of 
the buds is also essential to success; hence best results will be obtained 
with high pressure in dry, calm weather. 

It should be noted that neither plain copper sulphate nor Bordeaux 
are of any value in the control of San Jose scale; hence if these insects are 
present, it will be advisable to use lime sulphur rather than one of the 
copper fungicides. By using lime sulphur 1-8 as a dormant spray, San 
Jose scale will be controlled and leaf curl will be reduced to a negligible 
amount, by the single application. 

The final recommendations for control are as follows: (1) Spray once, 
either in the late fall, early winter or in the spiing before the buds start to 
expand^ using the fungicide that is best suited to the orchard conditions 
which prevail; (2) spray thoroughly, that is, cover every bud with the 
fungicide; (3) trees defoliated by leaf curl should be given the best of care 
and culture in order that they may overcome the drain occasioned by the 
attack. The protective spray should certainly be given the season 
following severe injury. 

Do not spray after the leaves have opened, as such an operation has 
little or no effect in preventing leaf curl and may cause injury to the 
healthy foliage. 
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IMPORTANT DISEASES DUE TO LEAF CURLS AND RELATED FUNGI 

Plum pockets {Taj^hrina pruni (Fcl.) Tul. and T. cmnniunis (Sad.) Gies.). — Perennial 
in wild and cultivated plums causing the fruits to become greatly inflated and 
hollow. Also called “bladder plums” and “fools.” Hesler, L. R. and Whet- 
zel, H. H. : Manual of Fruit Di.seases, pp. 373-377. The Macmillan Company. 
1917. Swingle, D. B. and Morris, H. E.: Plum pocket and leaf gall on Ameri- 
can plums. Mont. Agr. Exp. Sta. Bull^^Zi 167-188. 1918. Stakeman, E. C. 

and Tolaas, a. G. : The control of brown rot of plums and plum pockets. Minn. 
Hort. 46 : 5 pp. 1918. Cunningham, G. H. : Leaf curl, bladder plum and cherry 
curl. New Zeal Jour. Agr. 26: 85-97. 1923, 

Witches’ broom of cherry (Taphrina cerasi (Fcl.) Sad.). — Hesler, L. R. and Whet- 
zel, PI. H.: Manual of Fruit Diseases, pp. 188-191. The Macmillan Company. 
1917. Schmitz, Henry: Some observations on witches’ broom of cherries. 
The Plant World 19: 239-242. 1916. 

Cherry curl {Taphrina minor Sadeb.). — Salmon, E. S.: Cherry leaf curl, anew cherry 
disease. Rept. on Economic Mycology, 8. E. Agr. College^ Wye 1908: 74-77. 
See also Cunningham, loc. cil, under Plum Pockets. 

Peach leaf curl {Taphrina deformans (Fcl.) TuL). — (See special treatment.) 

Pear leaf blister {Taphrina bullata (Fcl.) Tul.). — Also affects quinces. Briton- 
JoNES, PI. R.: Pear leaf blister {Taphrina bullata Tul.). Jour. Bath <& TFesiJ 
South Co. Soc. Agr. 18: 21f-215. 1924. 

Witches’ broom of cacao {Taphrina tkeohrmnm Ritz. Bos, also T. hussei Faber). — 
Ritzema Bos, J.: Die Hexenbegen der Cacaobaume in Suriam. Zeitschr, f. 
Pflanzenkr. 11: 26. 1901. Faber, F. C. von: Untersuchungen liber Krank- 



■Plum branch showing two normal plums and two showing the effect of the plum- 
pocket fungus (After Laubert.) 


Witches’ broom of iron wood (Taphrina carpini Rostr. and 7\ australis Atk.). — Weh- 
mek: Die Eichenblattrigkeit der Hainbuche in ihrer Beziehung zur Hexenbesen- 
bildiing. Botan. Zeit. 64: 81-96. 1896. 

Witches’ broom of birch {Taphrina hetulina Rostr. and T. iurgida Sadeb.). 

Catkin disease of alder {Taphrina alni incanae (Kiihn) Magn. and T. amentormn 
Sadeb,), — Tubeuf, C. von: Naturw, Zeitschr, f, Forst-und Landw, 6: 68. 1908. 
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lieiten des Kakaos. Arh. KaiserL Biol. Arist. f. Land-u. For shv. 6: 38o. 1908; 

7: 207, 1909. 

Leaf blister or cnrl of oaks {Taphrina mrulescens (M. & D.) Tul). — 
Wilcox, E. M.: A leaf curl disease of oaks. Ala. Agr. Exp. Sta. BuL 126: 171- 
187. 1903. Martin, E. M. : Cultural and morphological studies of some species of 
Taphrina, Phytopath. 16: 67-76. 1925. 


CHAPTER XX 


DISEASES DUE TO THE CUP FUNGI AND ALLIES 
DISCOMYCETES 

The fungi belonging to this group have no distinctive features of the 
mycelium, which is septate and generally within the substratum. Conid- 
ial fruits may be entirely absent or present and of various types, includ- 
ing aerial conidiophores, conidial tufts or acervuli. The characteristic 
feature of the group is the ascigerous fruit, or ascocarp, which shows great 
diversity of form but consists of an extended layer of asci or spore sacs, 
the generally mingled with sterile hyphse, or paraphyses, 

arranged in a palisade-like layer with supporting or accessory parts. 

Types of Ascocarps. — Four general types of ascus fruits may be noted 
in the group: 

L A fleshy, waxy or gelatinous body, which usually is differentiated 
into a sterile stalk bearing an expanded ascigerous portion. This fertile 
part may be club shaped, short or long cylindric or irregular and the 
hymenial surface may be smooth, wrinkled or convoluted. In a few 
forms (Rhizina) the fruits are stalkless or sessile. This type is character- 
istic of the order Helvellales, most of which are saprophytic forms. 

2. A fleshy, waxy or gelatinous body which is typically disk or saucer 
shaped or deepened to resemble a cup or vase, thus forming a typical 
apoihecium. The hymenium occupies the upper face of the disk or the 
inner face only of the cup or vase forms. These apothecia vary from 
minute, microscopic forms to fruits 6 inches or more in diameter, and may 
be sessile or stalkless, or raised from the substratum by a sterile stalk. 
Fruits of this kind are characteristic of the ovdor Pezizales^ which includes 
the typical cup fungi. 

3. A fleshy or leathery body which is globular or elongated, closed at 
first but opening later by a slit or by clefts which form star-like rays that 
turn back to expose the hymenium. The fruits may be free or sunken in 
a stroma and range from microscopic size to some 4 to 6 inches in length. 
Ascocarps of this type are characteristic of the order Phacidiales. which 
includes some important pathogenes. 

4. A minute black body, leathery or carbonous, typically elongated 
boat shaped, which is free or becomes erumpent and with the maturity of 
the asci opens by a long, wide cleft to expose the hymenium. Ascigerous 
fruits of this kind are characteristic of the order Hysteriales, which fur- 
nishes a number of important pathogenes of coniferous trees. 
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In some of the simpler forms in which the development of the asciger- 
ous fruit has been studied in detail, it originates following the union of 
nuclei of multinucleate oogonia and antheridia and is thus the result of a 
sexual process. The apogamous formation of ascigerous fruits, that is, 
without the intervention of a sexual process, occurs in many forms. 

The asci are typically cylindric or club shaped, eight spored and in 
many species open by a lid or operculum which separates from the tip. 
The spores are forcibly expelled at maturity, simultaneous discharge of 
numerous asci giving rise to visible clouds of spores. The spores which 
are set free in this phenomenon of puffing’^ are carried away by air 
currents, and thus reach new substrata on which they may germinate. 

Classification, — The following is a tabulation of the orders and families 
with the most important genera furnishing plant pathogenes: 

I. Helvellales 

1. Rhizinacem. Ascocarp sessile. 

Rhizina. Ascocarp fiat or crust-like with root-like outgrowths from the under 
surface; spores one-celled, hyaline. 


11. Pezizales 


1. Ilelotiacece. Disk of apothecium fiat, saucer, cup or vase shaped. Peridium of 
hyaline, thin-walled cells. Spores variable. 

Sclerotinia. Apothecia originating from either free sclerotia or from mummied 
fruits of the host; spores one-celled, hyaline. 

Dasyscypha. Apothecia mostly sessile, disk bright colored, with delicate border or 
exciple, outside clothed with hyaline or colored hairs; spores hyaline, one-celled or 
finally becoming two-celled. 

2. MolUsiacem, Apothecia free or becoming erumpent frozn the substratum, sessile, 
at first globose, becoming flattened. Peridium mostly of dark, thick-walled cells. 
Spores one to many-celled. 

Pseudopeziza. Leaf parasites forming bright-colored apothecia on leaf spots 
during the current season or on overwintering leaves; apothecia minute, breaking 
through the epidermis; spores one-celled, hyaline. 

Pyrenopeziza. On leaves and stems, forming dark apothecia, otherwise similar to 
Pseudopeziza. 

Fabraea. Similar to Pseudopeziza, but spores finally two or more, rarely four- 
celled, hyaline. 

Neofabraea. Similar to Pseudopeziza, but apothecia form in the old conidia- 
bearing stromata. 

3. Cenangiacece. Apothecia immersed, later erumpent, dark, paraphyses forming an 
epithecium. Spores one to many-celled, hyaline or dark. 

Cenangium. Spores cylindrical to spindle form, often curved, one-celled, hyaline. 

111. Phacidiales 


1. Phacidiacem. Apothecia leathery or carbonous, depressed, globular or elongated, 
firm, dark or black, opening by rays or slits. Spores variable. 

KeitMa. Apothecia separate, non-stromatic; spores ellipsoid or globoid, two to 
four-celled, brown. 

Coccomyces. Apothecia non-stromatic; spores filiform or needle-like, one to 
many-celled, hyaline. 
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Rhytisma. Apothecia immersed in black stromata beneath the epidermis, elon- 
gated curved or round, opening by long slits; spores filamentous, or acicular, one- 
celled, fascicled and hyaline. 

IV. Hysteriales 

1. Hypodcrmatacem, Apothecia black, elongated, opening by a longitudinal slit. 
Hypoderma. Spores two-celled, cylindrical or fusiform and hyaline. 
Lophodermium. Spores continuous, filiform and hyaline. 
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BROWN ROT 

Sclerotinia spp. 

Brown rot is a serious disease of stone fruits and, especially in America, 
a trouble of minor consequence on the pome fruits. In its various 
phases in the typical development of the disease it attacks the blossoms, 
causing a blosso7n blight; the leaves and young twigs, causing a leaf and 
twig blight; the branches, with the production of cankers; and tfie fruit as 
it is approaching maturity or after it has been harvested, causing the 
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rotted condition which has suggested the common name of brown rot. 
One or more phases of the disease may be in evidence during a single 
^ season and the behavior will vary more or less according to the environ- 

mental factors and the hosts involved. The fruit rot has also been called 
mold, gray rot, soft rot, ripe rot and Monilia rot, and the affected fruits 
dry up and shrivel with the formation of ^^mummies/^ which hang on the 
tree or fall to the ground. 

’H.istoty.—Sderoimia fructigena was first described by Persoon in 1796 under the 
( name of Torula fructigena from fallen decayed fruits of plums, peaches and pears, while 

* S. cinerea was not recognized until 1851, when it was first described as Monilia dnerea 

t by Bonorden. The economic importance of brown rot was first recognized by Von 

Thiimen in 1875, who found it on half-ripe fruit on the trees. His observations were 
j soon confirmed by Hallier (1876), and blossom and leaf blight of the cherry was 

f reported in the United States by Arthur in 1886, by Galloway in 1889 and by Sorauer 

I in Germany in 1891. The occurrence of jet-black mummies of apples was first 

I observed by W. G. Smith in England in 1885. The study of E. F. Smith (1889) 

I showed the importance of the blossom-blight phase of brown rot in peaches and also the 

penetration of the fungus into the wood with the development of cankers. Salmon 
(1910-1914) called attention to the blossom-blight and canker phases of the disease on 
the apple in England and later his studies were confirmed and extended by Wormald 
(1917). Jehle studied peach canker’’ in New York and attributed it to S, dnerea, 
while McCubbin (1918), working in Ontario, decided that the brown-rot fungus was 
but the initial cause of cankers which were extended by the inroads of another fungus, 
Valsa leucostoma. Following the initial observations on the various phases of the 
disease, there were numerous contributions by workers in the various countries. 

In 1893 Schroeter recognized the ascomycetous nature of the two species of fungi 
causing browm rot, and placed them in the genus Sclerotinia. Woronin (1898) showed 
conclusively that S. fructigena and S, cinerea were distinct species, but for many years 
many other investigators did not accept his conclusions and referred the brown- 
rot fungus to the single species, S. fructigena. Again in 1908 Aderhold called attention 
to the differences in the two species, and in 1913 Matheny showed that the American 
brown rot is S. cinerea, and his conclusions were confirmed by other investigators. 
The researches of Wormald, begun in 1917, have not only shown that S. fructigejia 
and S, cinerea are distinct, but have demonstrated the existence of two forms of 8, 

' cinerea, forma mali and forma pruni, and recognizable differences between the Euro- 

pean and American strains of 8, cinerea. Wormald’s forma Am&ricana has been 
raised to species rank by Norton and Ezekiel (1924). 

A form on apricots was named Oidium laxum by Ehrenberg in 1818, but this was 
transferred to Sclerotinia by Aderhold and Huhland in 1905. Wormald has been 
unable to separate this morphologically from 8. cinerea (1921). Barss has recently 
recognized a new species on pears and stone fruits which has been described from the 
conidial stage only as Monilia oregonends Barss and Posey (1923). 

Apothecia of brown rot were first discovered by Norton in the peach and plum 
orchards of Maryland in 1902. This stage was reported by Aderhold and Ruhland in 
Europe in 1905 from mummied apples and apricots, and descriptions were given of the 
apothecial forms of 8. fructigena, 8. dnerea and 8, lam. Apothecia were first found 
in England in 1920 by Wormald, on apricots in New South Wales by Harrison in 1922 
and in New Zealand by Cunningham in 1922. The more recent studies seem to 
indicate that 8/ fructigena of England and the Continent does not occur in America. 
These discoveries of the apothecial stages showed the validity of Scroeters’ references 
of the Monilia forms of the brpwn-rot fungi to the genus Sclerotinia.. A most com- 
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piete historical presentation of the brown-rot problem will be found in the series of 
articles by Wormald (1917-1921), recent contributions by Roberts and Dunegan 
(1924) and Ezekiel (1924). 

Geographic Distribution. — Brown rot in some form is known in practically all 
countries of the world wherever stone fruits are grown, but its occurrence is limited by 
climatic factors. It has been epiphytotic in some seasons in Europe, America, 
Australia and New Zealand and is reported in its conidial forms from South Africa. 

The disease has been especially severe in the peach-growing districts of the Atlantic 
Coast states from the New Jersey southward. Delaware, Maryland, Alabama and 
Georgia have suffered heavy losses, but it has probably been most destructive in the 
last-mentioned state. In the drier regions to the Southwest it has been absent or rare. 

It occurs regularly in the more northern states east of the Rocky , Mountains and is 
serious as far north as Ontario on stone fruits and occurs to some extent on apples. 

The disease is rare in California except in the region of San Francisco Bay and a few 
other moist localities. It is rare or unknown in the dry sections of the Pacific North- 
west east of the Cascades, but is serious on cherries, prunes and peaches in the humid 
sections of western Oregon and Washington. It has never been reported from the 
important irrigated districts of central Washington. In California the apricot is also 
affected by a green rot and twig blight due to SderoHnia (sderotiorum) libertiana FcL, 
which has no conidial stage. The severe development of brown rot may be expected 
in any wai‘m, humid section and is most severe in seasons of abundant insect infesta- 
tions. Fruit rot is promoted by the curculio injuries and Wormald has shown that 
the wither-tip disease of plums in England in 1916 and 1918 was associated with the 
attacks of aphids. 

Symptoms and Effects.— Under certain conditions the direct attacks 
of the blossoms is a very serious phase of the disease. The flower parts 
turn brown prematurely and during moist weather appear soft and rotting, 
but under dry conditions are only withered and discolored. The pistil 
may be blighted first or the discoloration may start in the petals and 
advance down the claws into the calyx cup. In these parts the first 
evidence of the progress of the disease may be the appearance of brown 
or sometimes nearly black discolored areas occupying one side. As the 
disease progresses the entire calyx cup blackens and the discoloration 
may extend through all the flower parts and down into the pedicels. An 
examination of blighting blossoms during humid periods will frequently 
show whitish or tawny fungous tufts over the surface of the affected parts, 
and a similar development of the parasite may be induced by placing the 
blighted flowers in a moist chamber for 24 to 48 hours. Blossom blight 
is next in importance to the fruit rot as a destructive phase of this disease. 

There may be only a slight touch of the trouble in an orchard, or it may be 
so severe as completely to ruin the prospects of a crop. Light attacks of 
blossom blight are frequently overlooked, and some of the more severe 
outbreaks are sometimes attributed to other agencies. 

Leaf and twig blight are not so common as the blossom blight. In the 
latter the infection may advance into the fruit spurs and cause blighting 
of adjacent structures, but probably the majority of flower infections 
cease to advance after the base of the flower pedicel has been reached. 

Direct attacks of young leaves or of succulent shoots may occur just I 
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following the blossoming period. In leaf attacks the affected areas turn 
brown/ no circumscribed spotting results, but the discoloration spreads 
from the point of infection until the whole leaf or an extended area is 
involved. Such affected leaves and shoots shrivel as they dry up and 
remain hanging as blighted or blasted structures, with an appearance 
similar to that of frost injury. In wet seasons this phase of the disease 
may be so severe on some varieties as to give the trees the appea.rance of 
being infested with fire blight. 


Fig. 148 . — Blossoms of peach blighted by the brown-rot fungus. {Photograph hg E. E, 

Honey.) 

From blighted twigs or fruit spurs the infections may spread into the 
larger limbs, causing dead areas of bark, which later become more or less 
open wounds or cankers. This phase of the disease is especially common 
on the peach in certain localities. On this host young cankers first show 
a sinking and discoloration of the tissue beneath the bark, which is later 
followed by cracking and splitting and more or less exudation of gum. 
Callus is formed around the diseased area and the wound may be healed 
or the callus may be invaded and the lesion increased in extent. Such 
cankers may continue to extend for a period of years before the branch 
is girdled or the progress of the disease checked. In cankers that are not 
of too long standing, the remains of a fruit spur through which the patho- 
gene entered may be found occupying a central position. Brown-rot 
cankers are more frequent in Europe than in America. In the former 
they are common on cherries, plums and apples, while in America 
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they have been frequently observed on the peach in the eastern United 
States and to a less extent on prunes and pears in the Pacific Northwest. 

The rotting of the fruit is the most serious and destructive phase of this 
disease. Young fruits may be attacked at any period following blossom- 
ing, but if they escape blossom blight, extensive infections are not likely 
to occur until the fruit is approaching maturity. Under dry conditions 
but little fruit rot will be noticeable in the orchard, but the disease may 
cause much rotting in fruit that is in transit to market or is being held for 
consumption. The first indication of the disease on the fruit is the 


Fig. 149. — ^Pears rotted by the common American brow.n-rot fungus, with concentric rings 
of conidial tufts. {Photograph by E, E. Honey,) 

appearance of a small, circular brown spot, which rapidly advances if 
warm, moist conditions prevail. The rapidity of advance will be influ- 
enced by the age of the affected fruit, being more rapid the nearer the fruit 
is to maturity, but the lesion extends until finally the whole of the fleshy 
portion is involved. In the stone fruits there may be more or less exuda- 
tion of gum, and insect injuries (curculio) through which the infection 
occurred may also be evident. The rotting spots do not become sunken 
and there is generally no shriveling until the entire fruit is rotted. A 
gradual shriveling and wrinkling follows and the affected fruit is trans- 
formed from the soft, watery, rotten condition into a dry, shidveled mass, 
a so-called “mummy,” which resists further decay. 

Young lesions show a smooth unbroken epidermis, but later, when 
the lesion has extended, whitish, gray or pale-brown tufts may burst 
through the skin. The extent of this superficial development will vary 
according to moisture conditions, and the species or strain, from none 
under extremely dry conditions to a complete covering with the gray or 
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tawny velvety tufts under conditions of abundant moisture. The 
decayed fruits may drop from the tree, but many remain hanging and are 
frequently cemented into clusters, which are evident during the following 
fall and winter. Under average conditions the majority of the affected 
fruits fall to the ground, but these are also transformed into mummies, 
which lie on the surface or become covered with soil or litter. A marked 
deviation from the typical behavior as described above is to be found in 
certain apple infections. The fruit may become a jet black, and the skin 



Fig. 150. — Peach mummy and branch, showing a young canker caused by the growth oi 
the fungus down the fruit pedicel. (Photograph by E. E. Honey.) 

assume a shiny aspect, with little wrinkling or reduction in size 
and no external evidence of the pathogene. This ^'Schwarzfaule'^ of the 
apple may appear in the orchard, but it has been found most frequently 
in storage. It can be distinguished from the true black rot {Physalospora 
cydonice) by the following: 

Brown rot. Fruits coal black, smooth shiny, little wrinkled or 
reduced in size. 

Black rot. Fruits become black from numerous minute black pus- 
tules beneath the skin, shrivel rapidly and become much wrinkled and 
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death of all distal parts; and (4) the rotting of the fruit in the orchard or 
after harvest. Under extreme conditions blossom blight may cause 
almost a complete failure, while a loss of one-third to two-thirds of the 
blossoms has been frequently reported for stone fruits. Unspra 3 ^ed 
orchards of stone fruits are sometimes almost a total loss due to the 
rotting of the fruit in the field, while shipments which appear sound at 
packing time may reach the market in a worthless condition. The extent 
to which losses may fall upon the transportation companies, commission 
men and consumers after the fruit leaves the producer is emphasized 
by the following figures (Brooks and Fisher, 1921): 

Peh Cent of Rot 


reduced in size. Either type of rot may be brown at first and assume the 
black color later. 

Losses from Brown Rot.— The injury from brown rot is due to the 
following: (1) the blighting of blossoms, with consequent failure of 
affected trees to set fruit; (2) the blighting of leaves and twigs, with the 
loss of these as a part of the normal tree; (3) the formation of the cankers 
which may interfere with the life of a branch or girdle it and cause the 


Fig. 151 


. — Normal apple and 


This is a 


mummy produced by brown-rot fungus, 
storage form of brown rot. 
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It may be noted from these figures that the unsprayed fruit went 
down in storage more rapidly than the fruit from the sprayed orchards. 

Brown rot probably causes more loss to peach growers than all other maladies 
of the peach combined, with perhaps the exception of yellows,’^ which kills the 
tree outright. In the South the brown rot often causes the destruction of half 
or even practically all of the crop, and throughout the territory under considera- 
tion (United States east of Rockies) the annual shrinkage in yield is perhaps 
25 to 35 per cent of the crop, representing a valuation of about $3,000,000 to 
$4,000,000. Although brown rot is always present in the peach orchards of the 
humid sections, causing a rotting of a certain proportion of the fruit, it becomes 
notably destructive only under certain weather conditions, when within a period 
of 10 days or 2 weeks it will spread so rapidly as to result in the destruction of 
practically the entire crop. Such disastrous outbreaks are likely to occur during 
moist, humid weather as the fruit begins to ripen. The brilliant prospects of the 
orchardists are thus within a few days obliterated as if by fire (Scott and Quaint- 
ance, 1911). 

Etiology. — Brown rot is caused by species of Sclerotinia which produce 
their conidial or Monilia stages on the various parts of the susceptible 
hosts and an apothecial stage on the overwintered mummies. The most 
complete studies of the relationship of the different fruit Sclerotinias has 
been furnished by Wormald. According to this author and some more 
recent reports the following gives the present status of our knowledge. 

Sclerotinia fructigena (Pers.) Schr. Causes fruit rot of apples, pears, 
plums and cherries and on apple trees may produce cankers. Present in 
England and on the Continent. Not known in America. . 

S, cinerea (Bon.) Schrot. On apples, pears, plums, peaches, cherries 
and probably on apricots. 

Forma mali. Produces blossom wilt and canker disease of apples. 

Forma prunL Produces fruit rot, blossom wilt or blight withers, tip 
or twig blight of plums and cherries. These two strains have been defi- 
nitely recognized as occurring in Great Britain. 

Forma laxa. On apricots only. Some doubt exists as to the apricot 
strain being distinct from prunL 

Forma amsricana. Produces the characteristic effects on stone and 
pome fruits throughout America. This has recently been raised to the 
rank of a species by Norton and Ezekiel (1924) who propose the name 
S. americana (Worm.). Roberts and Dunegan (1924) have called atten- 
tion to the fact that the name of our common brown-rot fungus should be 
S. fructicola (Wint.) Rehm if it is to be raised to specific rank, since this 
name was first given to American collections, a feature which was pointed 
out by Pollock (1909). 

S. orogenensis (Barss and Posey). Produces fruit rot and in addition 
causes very severe attacks of blossom and spur blight and twig cankers in 
all kinds of stone fruits and on certain varieties of pears. Common on 
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the Pacific Coast, especially in Oregon. According to Ezekiel (1924) this 
is the true European S. cinerea and is probably identical with Wormald's 
forma pruni, 

Wormald does not recognize the cherry brown rot described by 
Westerdijk as distinct from S. cinerea. Monilia cinerea cerasi of sour 
cherries and Monilia cinerea avium of sweet cherries described by Killian 
(1921) are to be separated with difficulty from the forms described by 
Wormald. 

The tufts of the fungus which appear on the diseased parts under moist 
conditions are made up of groups of conidiophores, sometimes rather 
loosely aggregated but more generally formed into fairly compact pus- 
tules. The formation of the conidial tufts does not begin until the sub- 
stratum is well permeated by the mycelium and then may be sparse or 
lacking if the air is very dry. The conidial stages of S, fructigena and 
S. cinerea may be recognized by the following characters (Wormald) : 

S. fructigena, Conidial pustules buff yellow, conidia average 21 by 
13/x, barren in winter or producing non-viable conidia, conidia germinate 
on prune juice to produce a long germ tube, 600 to 1000m, before branching. 

S. cinerea, Conidial pustules gray, smaller than in fructigena^ 
general average winter conidia 11.5 to 8 m, summer conidia 17 to 11m, 
conidia germinating on prune juice produce germ tube with branches 
while still short. 

Mathaney gives the following measurements and form of the conidia: 

S, fructige7ia, 22.1 by 11.2m; 665 measured; form elongated ellipsoid. 

S, cinerea, 14.4 by 10.8m; 181 measured; form more rounded, 

S. cinerea americana, 14.7 by 919m; 942 measured. 

The conidiophores arise as short hyphse ■which soon become septate at the 
extremities, branched and nodulose. The branching proceeds in an indefinite 
and usually irregular or semidichotomous fashion. From the apex of these 
branches towards the base, conidia are rapidly cut off, these cells remaining for a 
time simply moniliform or as branched chains, each constriction between the 
nodulations eventually marking the line of separation between adjacent spores 
(Duggar). 

Microconidia ranging in size from 2.55 to 3.22m and spherical in form 
were described by Woronin for both European forms, and these have 
been observed by Valleau (1915) for the American form in cultures and 
on plums. 

Dense aggregates of mycelium or sclerotia which are formed in the 
mummies give rise to the apothecial fruits which reach maturity under 
normal conditions just about the time the host is in bloom. The mum- 
mies may be on the surface of the ground and more or less covered by 
litter or buried^t various depths in the soil. Each mummy may produce 
from one to 20 or even more (Norton et al,^ 1923) brown cup-like disks. 



Fig. 152. — Apothecia of the American brown rot developed in the spring from peach 
mummies. {Photograph hy E, E. Honey.) 

asci are eight-spored, cylindrical-clavate, with an apical pore, and are 
mingled with hyaline, septate, simple or branched paraphyses with 
slightly swollen tips. The ascospores are hyaline, and uniseriately or 
subbiseriately arranged in the upper half of the ascus. The measure- 
ments given for the American form by different workers vary from 89 to 
190 by 6 to 10.8/x for the asci and 4,1 to 16.7 by 3.1 to 8.1^ for the 
ascospores. 
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2 to 15 millimeters (5 to 8 millimeters general) in diameter, each raised on 
a cylindrical stalk or stipe, which is dark brown below and lighter above. 
The stipe is more or less sinuous and varies in length with the depth of the 
mummy below the surface of the soil. The average length is 0.5 to 3 
centimeters but the formation of a single apothecium has been recorded 
from mummies 2 and 3 inches deep. The disk, which is at first cam- 
panulate, widens out until cup-shaped or even flat, and in old specimens 
may be torn and with recurved edges. The inner face of the disk is 
occupied by the hymenium or a layer of erect asci and paraphyses. The 


While the asci and ascospores of the European S. fruciigena and the American 
form apparently correspond in size, there are differences which remain distinct. 
The ascospores of the former are sharply pointed at each end and are free from 
oil droplets, while the ascospores of the latter are rounded at the ends and possess 
oil droplets (Matheny, 1913), 

It was at first believed that the mummies did not produce apotheeia 
until they had passed the Second winter in or on the ground, but ' 
(April, 1921) and Ezekiel (December, 1921) demonstrated that: 




482 


MANUAL OF PLANT DISEASES 


natural conditions apothecia may develop the spring following inocula- 
tion. Gold is probably a factor influencing the production of apothecia; 
as apothecia were produced in 25 weeks from chilled mummies.'' Pre- 
viously, Reade (1908) had reported that the brown-rot fungus ''has been 
grown on artificial media from ascospores to ascospores again, and com- 
pletes its life cycle in 1 year." Norton et al (1923) report the heaviest 
production of apothecia from mummies on or close to the surface of the 
ground, while none were formed on mummies covered with 2 inches of soil. 
Their experiments have shown: 

(1) That burying brown-rot mummies below the surface of the soil prevents 
the production of apothecia, the precise depth necessary doubtless varying Avith 
the type of soil; and (2) if such buried mummies are brought again to the surface 
of the soil, they are still able to produce apothecia the next spring. 

Pollock observed the production of apothecia from 10-year-old plum 
mummies. This behavior of mummies has an important bearing on 
control, since it must be obvious that mummies unless buried deeply in 
plowing will still be able to produce apothecia if the ground is replowed 
and they are brought up to the surface. The opinion seems to prevail 
that mummies 2 years old or more are more likely to produce apothecia 
than at the end of 1 year, the conditions necessary being sufficient mois- 
ture, favorable temperatures and proper aeration. 

When the apothecia reach maturity the ascospores are forcibly 
expelled. This phenomenon of "spore puffing" can be readily observed 
if fresh fruits are held in a moist chamber for a time and then exposed to 
drying or drafts of air. A visible cloud of spores may be seen to rise from 
the surface of the hymenium due to the simultaneous explosion of numer- 
ous asci. This is the normal method b}’- which spores are expelled under 
natural conditions and they are carried away by convection currents and 
the wind. It is an effective adaptation that brings the ascospores to 
maturity and expels them just at a time when the flowers of the suscep- 
tible hosts are ready for infection. 

The source of the spores which produce the first spring infections may 
be (1) conidial tufts: (a) from fallen or hanging mummies; (5) from can- 
kers or blighted twigs; and (2) apothecia from the mummies of the last or 
previous seasons. The first spring infections may be blossom blight or 
wilt or leaf and twig blight. It has been shown that the conidia of the 
common American brown rot retain their vitality during the winter even 
in regions as far north as Illinois (Conel, 1914) and Vermont (Bartram, 
1916), and a similar behavior holds for the European S. cinerea^ but it 
has been shown that the conidia of S, fructigena do not survive winter 
conditions. 

When the fruit is half grown or over, the following are the possible 
sources of the conidia which may start the fruit rot; (1) mummied fruits 
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of the previous season; (2) blossoms blighted in the spring of the current 
^ year; (3) blighted leaves killed earlier in the season; (4) blighted twigs 

killed during the previous season; (5) cankers formed previous to the 
current season. From one or. several of these sources conidia are carried 
by the winds and rains to the developing fruits. These conidia germinate 
. at once and the germ tubes enter the fruit, their penetration being facili- 

tated by other fungous lesions (scab) and by insect injuries, especially by 
carculio. Under warm, moist conditions the mycelium develops with 
great rapidity and an infected fruit is soon completely rotted. The first 
j conidial tufts soon appear and more spores are formed, which will be 

carried away to other fruits to continue the work of destruction. The 
mycelium may grow from one infected fruit into an adjacent fruit with 
which the first is in contact, and thus a whole cluster of fruits (stone fruits 
I especially) may be cemented into a mummified group. At harvest time 

spores may be generally prevalent in the orchard and be lodged on the 
surface of the fruit, or incipient infections may already have taken place, 
and development continue during transit to market or before consump- 
tion. It is undoubtedly true that bruises made in handling such soft 
: fruits as peaches frequently furnish the avenue for the entrance of the 

^ pathogene which is just lying in wait for the opportunity. 

Predisposing Factors* — The extreme variation in the severity of 
brown rot in different regions and in the same region during different 
seasons emphasizes the influence of environmental factors. 

Moisture not only favors the growth of the fungus and the production and 
germination of the spores, but it also renders the fruit tender and watery, and 
therefore more susceptible to rot. In a dry season, or in one with only occasional 
rains of short duration, a peach crop may be expected to reach maturity practi- 
^ cally free from rot, particularly if the weather is cool; but when a series of cloudy 

f days with frequent showers occurs about picking time, half or even all of the crop 

^ may be destroyed by brown rot. Prolonged cloudy, drizzly weather, even though 

, the precipitation may not be great, is far more dangerous than a hea^y rain 

followed by clearing. Hot weather also favors the rapid growth of the fungus 
and increases the danger of its destroying the crop (Scott and Ayres, 1910). 

The transportation losses are affected very much by the temperatures 
to which the fruit is exposed and therefore by the length of time which 
i • elapses between packing and refrigeration. The brown-rot fungus makes 

a relatively slow growth at temperatures of 1G®G. or lower, but a rapid 
\ growth at higher temperatures until the optimum is reached. 

It is evident that in unfavorable weather success with long-distance ship- 
ments requires not only a low car temperature upon arrival at destination but a 
low temperature from the time the peaches are packed and as much coolness as 
possible from the time they are picked (Brooks and Cooley, 1921). 

The brown-rot fungus appears to be able to enter the fruit through 
the unbroken skin (via stomata or lenticels), but infections are facilitated 
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by breaks or bruises. In the peach districts which suffer such heavy 
losses from brown rot, peach scab is generally common and the curculio 
is abundant. Cracks made by this fungous or feeding or oviposition 
punctures made by the curculio are very common avenues of entrance. 
Various insects feeding on susceptible structures may not only make the 
wounds but possibly may be responsible for inserting the spores, although 
these are generally prevalent in brown-rot regions and would be lodged in 
open wounds by other means. The curculio is undoubtedly the worst 
offender, especially in sprayed fruit, since in certain tests it was found to 
be responsible for 93 per cent of the infections (Scott and Ayres, 1910). 

Host Relations. — Brown rot affects all stone fruits, peaches, plums, 
prunes, sour and sweet cherries, apricots and nectarines; also the pome 
fruits, apples, pears and quinces. In general, it is much more serious on 
the stone fruits than on the pome fruits, and in America may be con- 
sidered one of the minor apple diseases. The European brown rot {S. 
fructigena) is one of the most serious apple rots in England. 

Our knowledge concerning the susceptibility of varieties is still rather 
meager. Summer varieties of apples, like the Yellow Transparent and 
Chenango, are reported as very susceptible. Genet is reported as 
severely attacked in Kentucky. Cherries appear to suffer less damage 
than peaches or plums, and sweet cherries are generally reported as more 
susceptible than sour cherries. Governor Wood and Heiderman sand- 
cherry are listed as susceptible, and the Montmorency as relatively 
resistant, although less so than native varieties. 

It would appear that among peaches the sorts densely covered with hairs or 
down, such as Alexander, Hills’ Chile and Triumph, are unusually susceptible. 
Among the more resistant sorts are to be found the Carmen, Early Crawford, 
Elberta, Chinese Cling and some others (Duggar, 1909). 

The observations of McClintock (1921) on the prevalence of blossom 
» blight of peaches is of special interest : 

Since the early varieties always blossom several days later than the late 
maturing varieties they are more liable to blossom blight because of additional 
time for the fungus to develop conidia with which to infect the blossoms. 

Blossom blight was serious only on early varieties, including Mayflower, 
Red Bird, Early Rose, Alexander, Victor and Early Carmen. Little or no blossom 
blight was observed on Carmen, Hiley, Georgia Belle, Elberta or Hale. 

Varietal resistance of plums has been studied by VaUeau (1915) and 
he concludes that: 

Resistance is apparently correlated with (a) a thick skin; (h) the production 
of parenchymatous plugs which fill the stomatal cavity; (c) the production of 
corky wails in the lining cells of the stomatal cavity; and (d) firmness of fruit 
after ripening. There seems to be no relationship between oxidase content 
of the fruit and resistance or between tannin content and resistance. 
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The most resistant of the varieties tested were an Abundance X Wolf 
18, Burbank X Wolf 9, Burbank X Wolf 15, South Dakota Nos* 2 and 3, 
which were probably sand-cherry hybrids, Reagan (Wayland X P. 
atnericana) and American Seedling No. 1. Burbank was more susceptible 
than Wolf, but not so susceptible as some other varieties. Abundance 
and Satsuma have been reported as susceptible, while Hansom, Clinton, 
Forest Rose, Indiana, Miner and Prairie Flower are listed as resistant 
varieties. Since resistance appears to be correlated with firmness, and 
susceptibility with a soft and tender texture, the best varieties are sus- 
ceptible while the resistant varieties are of minor importance. 

Susceptibility to brown rot is known tb increase with maturity of the 
fruit. Softening during ripening is due to the solution of the middle 
lamellse, and Pthe absence of the middle lamella in fruits which have 
softened owing to ripening explains the greatly increased spread of the 
disease at ripening time/^ (Valleau), since the hyphen advance entirely in 
the intercellular spaces. The idea has been prevalent that young fruits 
are more resistant because of greater acidity, but Hawkins (1915) has 
shown that the acid content of rotted peaches is greater than that of 
normal ones. 

Control. — The brown rot in America is rarely of sufficient seveiity on 
pome fruits to justify special control measures, but in many environments 
the stone fruits must be protected in order to insure a crop. The actual 
control practices must be suited to the environment and the phases of the 
disease that are generally prevalent. In some environments the fruit rot 
will be the only phase of the disease, while in others blossom blight or 
other phases will be of frequent if not constant occurrence. No single 
practice is adequate and the available control measures may be listed 
under the following heads: 

1. Sanitary Measures . — These are practices designed to remove the 
sources of spore production and so reduce the prevalence of spores in the 
orchard. In the ordinary pruning operations care should be taken to 
remove all blighted twigs. If cankers are present they should be given 
attention, either by removing the branch which bears them, if it can be 
sacrificed without serious detriment to the tree, or by treatment, if on 
large limbs. In the latter case they should be cleaned out by the removal 
of all the diseased wood and bark a short distance beyond any evidence of 
diseased or discolored tissue, and after drying of the wound a coating of 
coal or gas tar should be applied as a waterproofing and a disinfectant 
(Jehle, 1914). The removal of short fruit spurs on large limbs is also 
advisable, as infections on these are very frequently responsible for the 
initiation of cankers. Trees which have a dense head should be pruned 
by thinning out rather than heading back, since an open growth gives a 
better circulation of the air and penetration of sunlight, which will facili- 
tate rapid drying of moisture and lessen the chances of infections. All 
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mummied fruit that is hanging on the trees should be removed and 
destroyed. In some localities 

Chowers have made it a practice to patrol the orchard during the summer, 
examining each tree and knocking out all brown-rot clusters with a long pole 
provided at the top with a hook. This decayed fruit and any that may have 
dropped of its own accord is collected and destroyed (Barss, 1923). 

It would seem that this would be a better practice than allowing the 
clusters of mummies to remain until regular winter pruning. Some 
orchardists make a practice of raking up and removing all fallen fruit 
from the orchard either just ahead of the pickers or after the harvesting 
has been completed. This is of value for brown rot alone, and is doubly 
valuable in those regions where the curculio is an important factor, but in 
such cases should be begun early when dropped fruit is still small. 

The best way to destroy these fallen peaches is by burying deeply with quick- 
lime. They should be placed at least 24 inches below the surface. Growers 
have found a long trench that can be extended from time to time useful for the 
destruction of the ^Mrops.'' The ‘^drops'' should be covered with soil after the 
quick lime has been added (IT. S. Dept. Agr. Circ. 216). 

In case of brown rot alone, the lime is not necessary and fruit buried 
3 inches below the surface will never be a source of danger. 

2. Cultural Practices . — Plowing and harrowing are of great value in the control 
of brown rot. Fruit that is deeply buried is not Mkely to produce apothecia. 
Harrowing in the earb^ spring and during the blossoming season is likely to 
disturb the parti}’' formed apothecia and prevent their development. Orchards 
that are not plowed or cultivated until after the blossoming season, as is fre- 
quently the practice, usually have an abundance of apothecia, while those that 
are plowed or culti^’ated before that time are usually practically free from them, 
except in the ti'ee row^s or other unplowed areas. Orchards free from apothecia, 
made so through cultivation or otherwise, have been found to be free from blossom 
infection and usually relatively free from browm rot (Fisher and Brooks, 1924). 

The above statement applies to the prune orchards of the Pacific 
Northwest, where the apothecia seem to be a most important source of 
the early infections, and it probably holds for other sections also. When 
plowdng and cultivating are consistent with the horticultural demands of 
an environment, they will undoubtedly be of value. 

3. Spraying or Dusting— In regions of severe infestation, spraying or 
dusting must be a regular practice as an insurance, but the number of 
applications of fungicide and the formula used should be varied to suit 
local conditions. The following applications have been recommended: 

a. Before the blossom buds burst or come into bloom (the bud spray) ; 
fungicide alone. ^ 



insecticide for curculio if present. 
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c. When calyces or ^^shucks’’ are shedding or as soon as shed; fungi- 
cide plus insecticide (shuck spray). 

d. About 2 weeks after the shuck spray; fungicide plus insecticide. 

: 6. The last application has been varied from 1 month to 2 or 3 weeks 

I before ripening (fruit spray) ; fungicide plus insecticide. In some regions 

when the fruit spray is given 1 month before ripening, additional pro- 
tection of the market product is afforded by a dusting with sulphur 10 
days before harvest. 

When blossom and leaf and twig blight are not of consequence, the 
spraying may be begun with application b and the fungicide used only in 
the last two applications. The recommendation for prunes and cherries 
in the Pacific Northwest omits application d and the insecticide, since 
curculio is not present. 

Control of brown rot is inseparably connected with curculio control 
when that insect is present. One pound of powdered arsenate of lead to 
each 50 gallons of water is to be used whenever an insecticide is indicated 
or 5 per cent of arsenate of lead if the dust formula is employed. 

The following liquid fungicides have been recommended: (a) Bor- 
deaux, 4--4~50, or sometimes 3-4-50, 2-3-50 or 1K-2J4-50; (5) lime 
sulphur, 1 to 50; (c) self-boiled lime sulphur, 8-8-50 or substitute. For 
prunes (a), (6) or (c) may be used; for cherries, (a) or (6), but not self- 
boiled lime sulphur on sweet cherries because of its dwarfing effect; for 
peach and Japanese plums use only (c); for apricots (a), the weaker 
strength, or (6). Under California conditions self-boiled lime sulphur, 
if used after the fruit had set, caused pronounced dwarfing of apricots. 

The results with dusting have been somewhat variable, but dusting 
has been used mostly for peaches. In some cases dusting has given better 
fruit than spraying. The most generally recommended formula is 80 
per cent dusting sulphur, 5 per cent arsenate of lead and 15 per cent 
hydrated lime. 
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ANTHRACNOSE OF CURRANTS 

Pseudopeziza rihis Kleb. 

This is a disease of currants which causes a spotting of the leaves and 
shows to a lesser extent on petioles, young canes, fruits and fruit pedicels, 
thus causing injury both directly and indirectly to the foliage and fruit. 
It is also called the leaf blight and leaf spot, but should not be confused 
with the leaf spot of currants due to an entirely different fungus, Myco- 
sphcerella grossularice. The two can be readily distinguished by super- 
ficial characters, the lesions of Pseudopeziza leaf spot being small, while 
those of the Mycosphserella leaf spot are usually inch or more in 
diameter. 

History and Geographic Distribution. — Anthracnose was first noted by Dudley as 
a serious disease of currants in America in 1889, although it had been reported some- 
what earlier. ■ It was first reported in America from Connecticut by Berkeley in 1873 
on black currants, and later by Peck on the leaves of the fostid currant {Ribis prostror 
turn) in the Adirondack Mountains. Following the serious development of the disease 
in New York in 1889, it did not again become epiphytotic until 1901, when it was 
studied by Stewart and Eustace. It was not found by Pammei in Iowa in 1895 when 
he was making a special study of the Mycosphserella leaf spot of currants, but appeared 
there somewhat later. It was noted in Oregon in severe form at least as early as 
1911-1912, and was epiphytotic in Washington in 1915, but has not been very serious 
in Washington since that time. The disease was Imown in Europe as early as 1807, 
and it has been reported also from Asia and Australia, but the country in which it 
originated is uncertain. While the anthracnose is rather widely distributed in the 
countries mentioned, it is of more local occurrence than many other fruit diseases and 
rather variable in the severity of its attacks. Noteworthy contributions to the life 
history of the causal fungus and on the control of the disease were made in Germany 
by Klebahn in 1900 and by Ewert in 1907. Stewart contributed valuable information 
on the control of anthracnose in nursery stock by use of Bordeaux or lime sulphur in 
1915 and by dusting with sulphur in 1916. 

Symptoms and Effects. — The disease first appears on the older and 
lower leaves of a bush causing minute, dark-brown, circular or subcircular 
spots, about 3-^5 inch in diameter, and most conspicuous on the upper 
surface. The lesions may be few in number or so numerous that they 
may coalesce and cause larger and more irregular dead areas involving 
much of the leaf blade. Shiny, translucent, whitish or flesh-colored 
masses may be noted on the surface of the spots, appearing as minute 
specks at their center, but these spore masses may be washed away by 
rains. When the leaf spots are few in number, the balance of the leaf may 
remain apparently normal, but when they are numerous there may be a 
pronounced chlorosis of the intervening leaf tissue, and the affected bushes 
will show a decided yellow color, frequently recognizable for a consider- 
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able distance. During some seasons the disease may confine its attacks 
to the lower foliage, but under the most favorable conditions the infections 
become progressively more abundant until the upper and younger foliage 
is also involved. In light attacks only a few lower leaves are dropped, but 
in the severe infections which cause pronounced chlorosis there is a pro- 
gressive defoliation from below upwards, until almost complete defolia- 
tion may result. This condition may be reached by midsummer, and in 
recorded epiphytotics the canes were bare with the exception of small 
tufts of leaves at their tips. 

While the infections are most evident upon the leaf blades, lesions may 
also occur on the petioles and upon the one-year-old canes. The lesions 
on the leaf stalks are evident as conspicuous, black, slightly sunken spots, 
and contribute to the injuries inducing leaf fall. The lesions on the canes 



Pig. 153. — ^Anthracnose iPaeudopeziza ribis) on currant leaves. 


are light brown or pale yellow and rather inconspicuous except when 
numerous, and apparently cause little or no injury, but are of especial 
significance in the life history of the parasite. 

In severe attacks the fruits and fruit stalks are also directly affected. 


On the berries the lesions are evident as minute circular black spots 


resembling fly specks. The fruit lesions are noticeable on the green 


berries, but become much less conspicuous on the ripening berries. In 


severe fruit infections some of the most severely affected berries may split 


or crack and considerable shedding may result before ripening is 


completed. 

''The dropping of the leaves so early in the season must seriously 
interfere with the proper ripening of the wood and the formation of fruit 
buds for next year^^ (Stewart), so that the injury is not confined to the 
season of attack. The injury to the fruit crop in seasons of light attack 
is probably negligible, but in severe infections heavy losses are experienced. 
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In some recorded cases the yield has been reduced by one-half, while the 
fruit was also of inferior quality. Severe defoliation affects the develop- 
ment of the fruit, and in hot, dry w^eather the injury may be increased by 
sun scald and shriveling of the berries. 

Etiology. — Anthracnose is caused by Pseudopeziza ribis Kleb., a 
Discomycete or cup fungus, which produces its ascigerous stage on the 
old fallen overwintered leaves, and a conidial or Gloeosporium stage on 
the various lesions produced during the growing period. The causal 
fungus was named Glceosporium ribis by Montague and Desmaziers in 
1867, and was known under this name until the work of Klebahn in 1906. 





m 




j 
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Fig. 154. — Pseudopeziza ribis. A, section of an acervuliis; B, snuiU portion of acerviilus 
more highly magnified, showing conidiophores and conidia; C\ vertical section of an 
apothecium. (it, after Sfewart; B, after Duggav; C\ after Klebahn.) 


Klebahn found the apothecial form in the spring on the overmntered 
leaves that had been affected with the typical anthracnose lesions, and 
was able to produce typical lesions upon the growing parts by inocula- 
tions with the ascospores. The genetic connection between the ascus 
and conidial stages was still further substantiated by the production of 
very characteristic and similar colonies in cultures from both types of 
spores. 

In the parasitic stage of the fungus, typical acervuli are produced on 
the lesions. The mycelium becomes aggregated into a basal stroma in 
the center of a leaf spot and spores are formed which finally rupture the 
epidermis, and accumulate as the characteristic gelatinous masses 
described under Symptoms and Effects. The conidia are hyaline, 
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strongly curved or falcate, commonly 19 by 7^, but varying from 12 to 24 
by 5 to Since the conidia are embedded in a gelatinous mass they are 
not wind-disseminated, but are liberated by the dissolving of the gelat- 
inous matrix by rains which carry the spores to adjacent uninfected 
portions. New infections may thus result during the growing season 
when moisture conditions are favorable for spore germination. The 
characteristic lesions may appear after 10 to 14 days. It is stated that 
conidia produced late in the season may live through the winter, while 
there is a possibility that the mycelium in the canes may tide the fungus 
over the winter. 

The infected leaves fall to the ground but the mycelium persists 
and develops as a saprophyte in the dead leaf tissue. This saprophytic 
mycelium organizes apothecia which reach maturity in the spring. They 
appear as minute, fleshy, disk-shaped structures, which break through the 
epidermis of the overwintered leaves. They remain partially embedded 
in the leaf tissue and the basal stroma, and the hymenium or ascus layer is 
in part surrounded by thick-walled cells of the old mycelium. The 
numerous club-shaped asci, mingled with simple or branched, sometimes 
one-septate paraphyses, bear eight hyaline, ovoidal spores. When the 
apothecia mature, the ascospores are forcibly discharged and are carried 
by the wind to the young leaves, and thus early infections result. The 
early lesions soon begin the formation of acervuli and from that time on 
secondary infections result from the numerous conidia* 

Exactly what conditions operate to produce ah epiphytotic seem 
uncertain. The disease was very severe in New York in 1889 and in 1901, 
both seasons being characterized as especially wet. It is significant that 
anthracnose was epiphytotic in Washington in 1915, and that apple scab 
was also unusually severe. These observations are opposed to the 
experience in Bavaria, where the disease was very severe during two rather 
dry seasons. It would seem that favorable temperature and moisture 
conditions during the early part of the season are of more influence than 
abundant rains later in the season. 

Host Relations.— Anthracnose occurs on both wild and cultivated 
species of currants. Black currants {Riles nigrum and R, aureum) are 
generally more resistant than the varieties of red and white currants 
(R, Tuhrum)^ although these show varying degrees of susceptibility. 
Stewart and Eustace report Fay's Prolific and Victoria as very susceptible 
while V. Stewart adds White Grape. According to Stewart and Eustace, 
Prince Albert and Pres. Wilder were perfect in foliage when standing 
side by side with the susceptible varieties, but V. Stewart puts the Wilder 
in the susceptible list. The disease also occurs on gooseberries, but they 
are generally more resistant than currants, and are seldom greatly 
injured. V. Stewart reports the Pearl and Downing as more resistant 
than Smith, Industry, Whitesmith and iE^dughton. 
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The disease is generally reported as more severe on older bushes than 
on cuttings, but these may become infected if grown in close proximity to 
old, diseased bushes. 

Prevention or Control. — Since the causal fungus overwinters in the 
fallen leaves, a cultural practice which will bury them or otherwise 
prevent the formation of the. ascus fruits should be of value. In small 
plantings this might be accomplished by raking out the fallen leaves and 
burning them, but plowing and clean cultivation are more suited to larger 
plantings. Pruning to avoid too heavy growth of canes, so that there 
may be a better circulation of the air and more penetration of light to the 
lower foliage will help in reducing the severity of infections. Main reli- 
ance, however, must be placed on the use of a protective fungicide to 
prevent the infections: (1) from the spring crop of ascospores produced on 
the fallen leaves; and (2) from secondary infections produced during the 
growing season, from the conidia developed on the leaf lesions. The 
frequency of severe development of the disease in any environment must 
be the guide as to whether spraying will be a paying practice. 

A number of different fungicides have been tested and have given 
successful control : (1) Bordeaux mixture, 5-5-50; (2) lime sulphur, 1-40 
or 1-50; (3) sulphur-lead mixture consisting of 90 parts finely ground 
sulphur and 10 parts powdered lead arsenate as a dust. Bordeaux was 
first recommended by Stewart and Eustace, and later gave good control, 
according to the experimental tests of Ewert in Germany (1907) and V. 
Stewart in New York (1915). Lime sulphur 1-40 or 1-50 gave as good 
control as the Bordeaux, according to V. Stewart (1915), and sulphur 
dusting was recommended as a result of later tests (1916), especially for 
nursery stock. 

Successful control depends on having the young developing foliage 
protected with the fungicide previous to the expulsion and dissemination 
of the ascospores, and upon the continued protection of the foliage during 
the growing season. The following applications of the selected fungicide 
should be made: (1) when the leaves are unfolding; (2) after an interval 
of 10 to 20 days; (3) later sprayings after similar intervals until a maximum 
of six applications have been made. In some environments or in dry 
seasons the first two applications will give practical control, while under 
more humid conditions the larger number of treatments will be required. 
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ALFALFA LEAF SPOT 
Pseudopeziza medicaginis (Lib.) Sacc. 

Alfalfa is affected by a number of parasitic fungi which cause a spot- 
ting of the foliage, but the trouble under consideration has been so gener- 
ally referred to as the alfalfa leaf spot, that the name has been allowed to 
stand. This common leaf spot has also been called the leaf rust or blight, 
and the other spot diseases with which it may be confused are as follows : 
Yellow leaf blotch {Pyrenopeziza medicaginis) 

Ascochyta leaf spot {Ascochyta spp.) 

Stagonospora leaf spot (Stagonospora carpathica) 

Cercospora leaf spot {Cercospora medicaginis) 

Pleosphaerulina spot (P. briosiana)^ 

Alfalfa rust (Uromyces striatus) 

The characteristics which will be noted for the true leaf spot should 
readily distinguish it from the spots caused by the other parasites. 

History and Geographic Distribution. — What may have been this disease was first 
recorded in 1832 by Madam Libert on a relative of our cultivated alfalfa {Medicago 
lupuUna vyildenowii). Most of the early references to the trouble are scattered 
through the various mycological writings, where principal attention was given to the 
causal organism. Alfalfa leaf spot was recorded as common in Germany as early as 
1869, and was first observed in the United States in 1856 and definitely recorded by 
Berkeley in 1875. From the simultaneous studies of Voges in Germany and Voglino 
in Italy (1909), it seems that the disease was general in Europe at that time, but 
Brefeld had made some detailed studies some years earlier (1891). The first work on 
the disease in America \vas published by Chester (1891), who first concluded that it 
must be seed borne, but his seed-treatment tests failed to substantiate this notion 
and he then advanced the idea that there must be a general atmospheric infection. 
The next experimental work of importance was by Combs (1897), who came to the 
following conclusion: 

‘‘First, the plants become affected by the spores carried by the air; and, second, the 
disease is strictly local, z.a., its mycelium does not affect the stem nor root, but is 
confined to the limited brown spoton the leaf.'' Avery comprehensive study has been 
published by Jones (1919), based on wide observations and extensive laboratory 
studies. The disease has spread with the cultivation of alfalfa, and can now be found 
in slight or in severe infestations wherever alfalfa is grown. 

^ See note on this leaf spot, Chap. XXII. 
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Symptoms and Ejdects.-- There are two characteristics of the leaf spot caused 
by Pseudopeziza medicaginis which usually^ serve to distinguish it from spots 
caused by other parasitic fungi. The first of these is the circular shape and 
limited size of the spots. The second is the presence of a small raised disk that 
appears in the center of the spot w^hen it has reached full development. The 
edge of the spot may be smooth and definite, especially if the leaf has been 
much exposed to the sun, or it may be more or less dendritic, with a fringe of 
olive-colored rays. No marked killing or sinking of the leaf tissue occurs. In 
size, the spot rarely exceeds 2 or 3 millimeters in diameter (Jones). 


The spots are brown or almost black, and the central disk, which is 
more frequently on the upper surface, may appear as a jelly-like drop or 



Fig. 155. — Alfalfa leaves showing spotting due to Pseudopeziza medicagmis. 


almost as dark as the surrounding portions of the spot, the former appear- 
ance being noted under moist, the latter under arid, conditions. The 
spots may vary in number from a few to a leaflet to a very large number 
(50 to 100 or more). With moderate infections the average size is 1.5 to 
2 millimeters in diameter, but with the very heavy infections the spots 
may remain as mere specks. In many infections there may be more or 
less chlorosis of the intervening tissue, with the green color persisting 
longest around the spots. The extremes of yellowing are likely to occur 
on the most shaded foliage, even though the infections may not be as 
numerous as on some leaflets with more exposure. The lesions may also 
appear on the petioles and succulent stems as elliptical, browm or black 
spots, 1 to 3 millimeters in length. 

The injury from the disease in the established fields is due to the early 
shedding of the lower leaves, which are the first ones attacked. In severe 
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attacks many leaflets may have fallen to the ground before the time of 
cutting, while many others which were less affected will shatter off during 
the curing and handling of the hay. Sometimes the final product 
from such fields is little more than a mass of naked stems, while 
the really valuable portion, the leaflets, is left behind in the field. It 
would seem that heavily infected plants would yield a crop of lower 
nutritive value exclusive of the loss from shattering. Stewart (1908) 
reports that, while it may seriously affect the first cutting in June, the 
second and third cuttings are the ones most likely to be injured. Over- 
ripe plants are especially liable to attack.'^ On the irrigated or upland 
ranches of the West, where the midsummer rainfall is slight, the first cut- 
ting generally shows the maximum infection. Severe cases which have 
been observed in the middle of a summer drought were probably due to 
infections which occurred during the previous period of humid conditions. 

If for any reason the plant is growing slowly, the stand is thick and the 
weather is frequently wet, only a few of the upper leaves reach full development 
before they are covered with the disease . . . Stands which are growing 
rapidly keep most of the upper leaves well above the rising invasion of the fungus 
and show little harm (Jones). 

Old-established plants are probably never killed outright by leaf spot, 
but young seedlings are sometimes completely ruined. In some cases 
where slightly acid soil has lowered the vigor of the young plants, the 
disease has been noted in unusually severe form. 

It is probable that the average farmer underestimates the amount of 
damage from this disease. There is, however, a constant toll, small under 
dry conditions, but larger under more humid conditions, which should 
not be overlooked. Chester (1891) reported that his experimental plots 
at the Delaware Station were severely attacked and that some of them 
were completely destroyed, while Pammel noted losses of 50 per cent in 
Iowa in 1890. Combs (1897) stated: 

There is no doubt that this disease, which attacks the plant at any time after 
it has made a growth of 4 to 6 inches from the seed, is the principal cause of the 
non-success or partial success of this most excellent forage plant in this part of 
the country. 

Etiology. — ^Leaf spot is caused by Pseudopeziza medicaginis (Lib.) 
Sacc., a species of cup fungus which appears to be confined very largely to 
alfalfa or to other species of Medicago. It was first described (Libert, 
(1832) as Phacidium medicaginis from specimens on Medicago lupulina 
wildenowiij and the fungus found on alfalfa by Desmazieres (1841) was 
assumed to be identical. In 1883 Saccar do transferred the alfalfa leaf- 
spot fungus to Pseudopeziza^ which had been established with P. trifolii 
as the type. For some time after this mycologists believed that the two 
similar forms on clover and alfalfa were identical, but Jones (1919) has 
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recently presented convincing evidence as a result of pure culture inocula- 
tions that the clover and alfalfa species are distinct. 

The disk at the center of the leaf spot is the fruiting body or apoihe- 
cium of the pathogene. Mature fruits are 0.5 to 1.5 millimeters in 
diameter, slightly raised, but sessile and usually surrounded by the torn 
edges of the leaf epidermis. 

The apothecia on alfalfa are usually solitar^r, except on overwintered leaves, 
where several clustered apothecia may develop on a stroma. As the hymenial 
layer develops, the stroma from which it arises becomes thicker, forming in and 
among the collapsing leaf cells. The epidermis is ruptured, and the hymenium 
is raised above the surface of the leaf (Jones). 



Fig, 156. — Vertical section through an apothecram of the alfalfa leaf-spot fungus (Pseudo- 
pezim medicaginisL (After Combs.) 

Asci are 60 to 70 by lOju and the paraphyses continuous, unbranched, 
swollen at the ends, and slightly longer than the asci. The ascospores are 
uniseriate or irregularly biseriate, continuous, hyaline, biguttalate, irregu- 
larly oval and 10 to 12/i long. P, trifoUi has slightly larger spores, some 
of which are slightly flattened on one side. 

European writers have reported an associated conidial stage, three 
different types being described, but Jones has shown that they are the 
fruits of other fungi. Condium-like structures are produced on the 
mycelium in pure cultures, in the form of oval cells, 3 to 8 by 3 to 5m, from 
the ends of lateral branches or swollen cells (Jones), but even these are 
not known to be formed under field conditions, and it is the belief that the 
fungus relies entirely on the ascospores for dissemination. 
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Under conditions of suitable temperature and moisture the spores 
from mature asci are forcibly discharged by the rupture of the ends of 
the asci, and may be thrown for a distance of several millimeters. They 
stick readily to surfaces with which they come in contact. Some of the 
fruits will expel their ascospores during the course of the growing season 
and these will serve for the immediate spread of the disease, while other 
fruits which are retarded in their development, or form later in the season, 
will persist on the old fallen leaves and be ready to expel spores in the 
following spring. New asci may develop in old apothecia and new apo- 
thecia may form around the old ones. 

Spores expelled naturally from asci are capable of germinating at once 
upon a moist surface. The entry of the germ tube in leaf infections is not 
through stomata, as was formerly stated, but 

The germ tube emerges from the spore either -within or at the margin of the 
area of contact of the spore with the leaf and passes directly through the cuticle 
into the epidermal cell. Apparently the germ tube must enter the leaf at the 
moment of emergence from the spore, if at ail. After passing through the ’wall, 
the germ tube quickly expands to normal size. When it reaches the center of the 
cell it usually divides into two or three branches, which pass into the adjoining 
epidermal cells or down into the palisade layer (Jones). 

There can be little doubt that the new infections are started by wind- 
borne ascospores. 

The ascospores appear to be quite resistant to desiccation. In 
experimental tests with spores dried on plaster of Paris blocks Jones 
concluded that drying alone would not kill them in less than 1 year, and 
that freezing during the dr3dng had no injurious effect. This behavior 
of the spores is of some importance as indicating the possibility of their 
survival in viable condition on the surface of overwintered seed. Miss 
Massee (1914) supports the idea of the disease being seed-borne by 
microscopic examinations of commercial seed which revealed ^Hhe fungus 
present in abundance on minute fragments of leaves and calyces, and 
rarely on the seed itself. As a result of tests with treated seed Jones 
comes to the conclusion that there is little or no evidence that the disease 
is seed-borne. 

In view of the fact that P. medicaginis seems confined largely to alfalfa, 
the probability of the first infections in a new field originating from some 
other host appears remote. Although positive evidence is lacking, it 
would seem logical to believe that the fungus may be introduced into new 
distant localities first with the seed in some form, but that general spread 
throughout the field or to adjacent fields is accomplished by the wind- 
borne spores from the first infections. 

Control.^ — In considering the control of this disease the following 
points should be kept in mind: (1) The ascospores are the only kind of 
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spores which are known to function in nature; (2) these are formed on the 
leaves and many of the spore-bearing fallen leaves carry the fungus over 
the winter; (3) the disease does not spread from clover to alfalfa; (4) 
alfalfa is the principal host in the regions where alfalfa is generally grown; 
(5) the pathogene is extensively wind-disseminated; (5) seed disinfection 
does not prevent the disease in new plantings in regions in which alfalfa 
is already established. 

In the light of these facts the only practical measure that is recom- 
mended is early cutting. This accomplishes two things: (1) The fungus 
is prevented from maturing its apothecia; (2) a field is harvested before 
shedding of leaves has lowered the value of the crop. No exact date of 
cutting can be specified, but a field which appears to be heavily infected 
should be carefully watched and mowed before the foliage has begun to 
drop to any extent. 
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APPLE-TREE ANTHRACNOSE 

Neofabrcea malicorticis (Cord.) Jackson 

This disease of apples affects the twigs, larger branches and trunk 
causing the formation of which somewhat resemble the cankers of 

other origin. The fruit is also affected, a characteristic rot being produced 

History. — Apple-tree anthracnose is native to the Pacific Northwest. It first 
began to attract attention as an apple trouble during the period 1891-1893, although 
it probably was widely distributed some years previous. The seriousness of the 
disease in Oregon and Washington led to the delegation of Prof. M. B. Pierce, of the 
U. S. Department of Agriculture, to make an investigation of the cause and methods 
of control. Pierce studied the disease in 189A-1895 and came to the conclusion that 
it was caused by a parasitic fungus, but no complete report of his studies was ever 
published. 

In 1899, Cordley in Oregon began investigations which led to the establishment of 
the true nature of the disease, as shown in his first publication of 1900. His studies 
were in agreement with Pierce, and he attributed the disease to a previously unde- 
scribed fungus, which he later named (1900tt). Lawrence published the results of later 
studies under the name of “black-spot canker^’ (1904), and in addition to confirming 
the work of Cordley gave the first report of a rot of stored fruit as one phase of the 
disease. Later popular accounts of the disease were i)resented by Cordley (1906) and 
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Cate (1908), althougli a detailed report of the studies of the latter never appeared- 
Jackson coiitiiiued the studies of Cate and made further contributions to our knowl- 
edge of the life history of the causal organism (1911, 1912, 1913). The name “Pacific 
Coast canker’' was first given to the disease by Paddock (1899) to distinguish it from 
other apple cankers. 

Geographic Distribution.— The disease appears to be confined to the apple districts 
of the Pacific Northwest, although it has been reported once as far east as western 
Nebraska. It is known from Oregon, Washington, Idaho and the southern coast 
regions of British Columbia. It has not been reported from California, although it 
occurs in some of the southernmost counties of Oregon. It is most serious in those 
sections having a considerable rainfall west of the Cascades, and is rarely a serious 
disease in the fruit sections of eastern Oregon, It causes some loss in Washington in 
the White Salmon district east of the Cascades, but it is mainly a disease of western 
Washington. A single neglected orchard near Spokane showed in 1916 numerous 
infections of some years’ standing but the disease did not spread to surrounding 
orchards, which wmuld indicate that the climatic conditions of the environment are 
unfavorable to its progress. In 1925 a few cases of true anthracnose appeared at 
other points in the Spokane section, but “false” anthracnose was more abundant. 
The important apple districts of Walla Walla, the Yakima Valley and the Wenatchee 
Valley have remained nearly free from the disease, although false anthracnose or 
perennial canker (Zeller and Childs, 1925) has been present in the Wenatchee area. 

Symptoms and Effects. — The disease is characterized by the forma- 
tion of cankers on the younger branches, being most common on branches 
under 2 inches in diameter, although they may occur on much larger 
branches or on the main trunk of young trees. K rotol the fruit may be 
an accompaniment, and this may begin before harvest and continue to 
increase in severity after picking, or it may not be evident until after the 
apples are in storage. 

The cankers reach maturity in the fall of the year and at this time 
show as elliptical, dark-colored, sunken lesions, varying in size from 
inch in diameter to others 10 or 12 inches long and 3 or 4 inches in diame- 
ter. While the typical canker is elliptical and elongated parallel with the 
axis of the branch, there may be some of more irregular outline. Mature 
cankers generally show a definite limiting crack in the bark which sepa- 
rates the dry, dead and sunken bark from the surrounding healthy bark. 
The surface of the bark is broken by numerous, minute, transverse 
or triangular slits with slightly upturned edges produced by the develop- 
ment of the fungus beneath. In old cankers, 2 years old or more, the 
diseased bark becomes loose and may fall away and leave the wood more 
or less exposed, while the development of callus makes a more or less 
pronounced ridge surrounding the wound. Cankers may be isolated and 
relatively infrequent, or so numerous and aggregated as to coalesce into 
more extended compound lesions. When the fungus first bursts through 
the transverse cracks it shows as cream-colored pustules, the fruiting 
structures, but in old cankers these minute cushions of fungous tissue 
appear black. 
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Very young anthraenose cankers show as circular, reddish-brown 
spots, indicating the presence of discolored underlying bark extending to 
the cambium. This condition may be looked for in the late fall. In May 
the cankers will have reached full size and form and by midsummer the 
surface of the lesions will show numerous, minute, dark elevations which 
later break through as already noted. These pustules are sometimes 
arranged in more or less concentric rings. In any orchard in which 
anthraenose is running its normal course one should find in the fall, 
later, young developing cankers, others which have just 


on appie limbs caused by Neofahrma malicorticis. The two on the right 
old cankers, the others show the spore fruits bursting through the bark* 

reached maturity and show the characteristic transverse slits or cracks, 
2-year-old cankers in which the bark is dry, ver}^ dark and more or less 
loose and old cankers from which all of the dead bark has disappeared, 
while if the disease has been prevalent for a sufficient period there will be 
other cankers nearly healed over by the formation of callus. 

Anthraenose lesions on the fruit show as brown, depressed circular 
areas of rotting tissue, which are generally more or less dry and leathery. 
The fruiting pustules of the fungus appear in the center and frequently 
break through in more or less concentric rings of grayish or creamy masses. 
The fruit lesions may be few in number or very numerous. The advance 
of the rot is generally slow in comparison with bitter rot, blue mold or 
gray mold. Generally, one or the other of the latter enter and assist in 
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the work of destruction, so that anthracnose rarely rots a fruit completely 
without assistance. In young infections (M to % inch) previous to the 
development of the typical depressed lesions the diseased areas will fre- 
quently show as typical frog-eye spots, that is, with greenish centers 



Fig. 1S8. — Yellow Newtown apples showing one of the common forms of rot caused by 

Neofahrcea malicoriicis. 


■Bulls-eye type of rot, which may be caused by either Neofabrcea nuilicorlicis 
or by the perennial canker fungus iGloeosporium 'perennans). 


surrounded by a zone of brown. The rotting of fruit may be very severe 
and begin in the orchard previous to maturity or its appearance may be 
delayed until late maturity. It is frequently severe on apples which have 
been allowed to hang on the trees until late in the season. Apples which 
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appear to be sound when they go into storage may develop the eharac- 
teristic rot later. Jackson (1912) records as high as 90 per cent of infec- 
tion of stored apples in the month of May. 

Young apple trees suffer more than old well-matured trees. Cankers 
may completely girdle branches or even the main trunk in young trees 
A single canker may girdle a smaU branch but in larger branches or trunks 
the girdling is generally the result of several adjacent cankers. The can- 
kers may be few in number and cause little appreciable injury, while in 
other cases there may be hundreds on a single small tree. As a result of 
the girdling, branches are killed, while the entire tree will succumb if the 
main axis or trunk is girded. Cankers may be located at any point on 
the trunk from the crown up. Numerous cankers which do not com- 
pletely girdle the parts attacked interfere very materially with the trans- 
location of elaborated food, and so reduce the vigor and productiveness 
of the tree. They may also so weaken the branches tliat they may be 
broken down by the wind or by the weight of the f^it.. Old cankers 
leave open wounds which are easy avenues of entranf^e for fu^ 
heart rot, and also afford a hiding place for woolly aphis, 
further saps the vitality and retards the normal processes of 
Seriously infested trees may continue a struggling existence for a long 
peiiod and still produce fruit, but without profit to the owner. 

Two different anthracnoses of apples have existed on the Pacific Coast 
and until recently they had not been differentiated (Zeller and Childs* 
1925). Both cause cankers and a rot of the fruit, but in the true anthrac- 
nose the cankers are biennial, while in the false anthracnose they are 
perennial, hence the common name “perennial canker.” The perennial 
canker orpnism is a wound parasite, while the fungus of true anthracnose 
is able to infect uninjured bark. The two diseases may be further differ- 
entiated by spore and cultural characters of the causal organisms 

Etiology.-The symptoms and effects described for this disease are the 
results of the inroads of a definite parasitic fungus (Neofabrcea malicorticis 
(Cord.) Jackson). The imperfect or acervular stage of this organism 
w^ described as Macrophorm cumspwa by Peck (1900) from specimens 
^ British Columbia, and as Glceospormm malicorticis by Cordley 
•’ determination of Cordley was confirmed by Lawrence 

(1904) m a more detailed study of the morphology and life history of the 
i- ®®“g®rous stage was discovered until the work of Jackson in 
1909, when apothecia were found occupying the position of acervuli on 
^year-old cankers. This stage was described by Jackson (1913) as 

Pierce first made successful inoculations, using diseased bark; similar 
results were obtained by Brodie (Lawrence, 1904), while Cordley (1900a 
and h) and Piper (1900) showed later by the use of pure cultures that the 
ungus IS the cause of the disease. Similar results were obtained by 
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Jackson and Cate. Lawrence determined by means of cross-inoculations 
from cankers to fruit and from fruit to bark of sound branches that the 
cankers and the fruit lesions were caused by the same organism^ while 
Jackson, using pure cultures originating from a single ascospore, made 
bark inoculations which gave typical cankers with the acervular stage, 
and fruit inoculations which resulted in the characteristic rot. 

The conidial fruits, or acervuli, of the fungus are uniformly distributed 
over the surface of the cankers and at first they are immersed, but later 
become erumpent. They are circular to oblong, 200 to 900 by 400 to 700^, 
smaller on the bark than on the fruit, where they are generally concentri- 
cally arranged. The flattened or rarely concave stroma of the acervulus 
is covered with numerous simple or branched, septate conidiophores 
hearing conidia in creamy white masses. The conidia are continuous, 
hyaline or slightly cyanaceous, oblong geniculate or usually curved, 



3.8 to 5 by 15 to 20g, but varying more in size and shape on the fruit, 
where they may reach 30ju in length. Smaller, nearly straight conidia 
(microconidia) 2 to 11/ilong, may be produced in cultures or on conidial 
tufts on fruit lesions. 

The apothecia develop within and break forth from old conidial 
stromata, forming light-brown, waxy fruits 0.5 to 1 millimeter in diameter 
which are at first concave, but later become flat or convex. The asci are 
clavate, 90 to 100 by 10.5 to 13^ and contain eight, hyaline, continuous 
ascospores, 16 to 19 by 5 to 7/t, which are elliptical or slightly flattened on 
one side. The ascospores may become four celled on germination. 

Both acervular and ascigerous stages reach maturity in the fall of the 
year, previous to or by the time of the first fall rains. In an infected 
orchard there would then be two sources of spores which are responsible 
for the spread of the disease: 1-year-old cankers producing the acervular 
stage and large numbers of the characteristic curved conidia; and 2-year- 
old cankers producing mainly the ascigerous stage with many ascospores, 
the so-called ^%inter spores.^' Either kind of spore when carried away 





and brought in contact with either fruit or branches may germinate and 
cause new infection. 

The conidia are produced in sticky masses which could not be carried 

away by wind or air currents, but they 
are readily washed away by rains by 
the solution of the mucilaginous 
cementing substance and might also be 
carried by insects and birds. The 
ascospores are forcibly expelled from 
the spore sacs, that is, they are blown 
out into the air by the explosion of the 
sacs, and so are readily carried away 
by air currents. Closely related fungi 
producing much larger apothecia give 
out visible clouds of spores (puffing), 
and it seems probable that invisible 
clouds of ascospores are similarly ex- 
pelled by the fungus of apple anthrae^ 
nose. The detail of this process has 
been observed by Jackson ( 1912 ) and 
is described as follows: 

When the conditions, however, are fav- 
orable for any length of time, the asci con- 
taining the matured spores elongate, and 
extend for about one-half their length 
above the surface of the apothecium. The 
ascus swells and spores collect in the apex 
and finally are ejected by the ascus bursting 
and scattering the spores forcibly. 

Detailed studies as to the exact part 
played by each kind of spore are lack- 
ing, but it is probable that the rain-dis- 
seminated conidia are largely instru- 
mental in the local spread of the disease, 
while the wind-blown ascospores bring 
about the more widespread distribution. 

The first infections may occur in the 
fall soon after the spores become prev- 
alent. Although infections are in- 
creased by the presence of mechani- 
cal injuries of some kind, the fungus is able to penetrate the unbroken 
surface of either fruits or the bark of branches entirely unaided. The 
most common place of entrance is through the lenticels. The beginning 
of infections shows as small, circular, reddish-brown spots (see Symptoms), 


Fig, 161 . — Perennial canker on Spitz 
tree caused by Glxosporium perennans. 
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which first appear in November or even later. The lesions develop but 
little during the winter months, but they spread quite rapidly during the 
following March and April and reach full size and extent in May. The 
later changes are in the nature of internal developments in the organiza- 
tion and maturing of conidia, which reach maturity and are ready to be 
disseminated by the time of the first fall rains. Although the fungus 
persists in the cankers during the following season, its spread has been 
checked and the canker does not increase in size. During the following 
winter and summer apothecia are organized and developed within the 
old acervular stromata and the ascospores reach maturity in the fall of 
the second year. It may be noted from this, for example, that new 
infections produced in the fall of 1924 would form conidia in the fall of 
the next season, and that mature ascospores would be expelled from the 
same cankers in the fall of 1926. 

The anthracnose fungus grows throughout the bark and penetrates 
to the cambium layer, killing the invaded tissues. The fungus is pri- 
marily a biennial as shown above, and not perennial. New cankers do 
not develop from old ones, but what sometimes appears to suggest this are, 
in reality, new infections. The fungus does not confine its development 
to cambium and bark but in some cases at least penetrates the underlying 
sap and heartwood to some extent and in this position may cause a slow 
disintegration of the wood and thus weaken the affected branches. The 
successful clegtning up of old orchards by spraying is suggestive evidence 
against the view that the fungus is perennial. 

Host Relations. — The anthracnose fungus was first supposed to be 
confined to the apple, and it is on this host that it has assumed the most 
importance. Lawrence (1904) recorded the presence of similar cankers 
on alder, cherry, pear, plum, prune and willow, but did not prove that 
they were identical with apple anthracnose, although he did produce 
cankers on cherry, pear, plum and prune by inoculation. Cate (1908) 
carried out similar inoculations on peach, cherry, prune and pear, and 
first observed natural infections on the pear and the fruit of quinces. 
The occurrence of typical anthracnose on pears and quinces has since been 
recorded by other observers- in both Oregon and Washington, but the 
occurrence of the fungus on hosts other than apple, pear and quince has 
not been definitely proved. Since the fungus causing anthracnose is 
confined to the Pacific Northwest, it has frequently been surmised that it 
originally must have parasitized some native wild host previous to its 
appearance as an apple parasite. Pierce (Jackson, 1913) reported in 1896 
that he had found the tree that probably forms the native host of the 
parasite in Oregon and Washington, but definite confirmation of this was 
never published. Subsequent investigators have looked in vain for this 
supposed native host, but notwithstanding their failure it still seems likely 
that a careful and systematic search will be rewarded. 
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Predisposing Factors.— The geographic range of the disease naturally 
suggests that its prevalence may be related to certain climatic features. 
The most favorable of the climatic factors seems to be the frequent rains 
which characterize the season of the year in which the causal fungus 
matures its two crops or kinds of spores. This condition coupled with 
moderate temperatures, which promote the growth of the fungus, are 
favorable for spore dissemination and increase the possibility of new 
infections. The further fact that the disease has never been spread to 
the nearby irrigated sections in central Washington is suggestive evidence 
of the dependence of the parasite on climatic conditions such as those 
which prevail in the coast country. Type of soil, slope of land, kind of 
cultivation and nature of cover crop have been suggested as influencing 
the severity of anthracnose, but no certain relation of any of these features 
has been established. In some recent observations it has been noted that 
trees suffering from winter injury are more seriously affected than normal 
healthy trees. Frequently anthracnose has been looked upon as a disease 
of neglected orchards. While well-cared-for orchards are not exempt 
from attack, the neglected orchard within the natural range of the para- 
site is almost sure to suffer severe attacks. 

Variety Resistance. — No varieties of apples have been found to be 
immune to anthracnose, but there seems to be some variation in resistance. 
The only investigators (Lawrence, 1904; Cate, 1908) who have studied 
this phase of the disease agree that Northern Spy and Ben Davis are 
comparatively free from the disease, and that the Baldwin is especially 
susceptible. According to Lawrence, “although some varieties show a 
greater tendency to disease than others, there also is a great difference 
sometimes shown in the susceptibility of a certain variety in different 
localities under nearty the same conditions.” With the present state of 
our information it would be impossible to make any reliable list of sus- 
ceptible and resistant varieties. Further systematic study should reveal 
more reliable information. 

Prevention or Control. — The most important single practice in the 
control of anthracnose is spraying, but this should be supplemented by 
proper pruning and the excision or cutting out of the larger cankers. 

1. Priming and Excision of Cankers , — In orchards which are severely 
infested there will be many branches showing a large number of cankers, 
[n such cases it will be advisable to sacrifice at least the most seriously 
affected branches. It should be the aim of the orchardist to get rid of 
just as much of the dead bark (cankers) as possible, since every canker is 
a constant source of new infection. Just in proportion to the elimination 
of these cankers, the possibility of spore production will be decreased and 
the spread of the disease lessened. When large and important limbs of a 
tree show a few cankers, the dead bark should be cut out and the wound 
painted with coal tar. This waterproofing will prevent the entrance of 
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wood-destroying fungi. The same practice should certainly be followed 
in the treatment of cankers on the main trunk of young trees. 

The pruning operations and the cleaning out of dead bark from 
cankers should be carried out before the spore stages have reached 
maturity. It should be borne in mind that cankers are a source of danger 
even when 3 years old, and that the fungus of anthracnose would continue 
to mature spores on fallen branches. Consequently, ail dead branches 
should be removed and burned whether lying on the ground or still on the 
trees. All living branches that harbor the fungus and are removed should 
be similarly destroyed, as well as all fragments of bark cut away from 
cankers. None of these dead parts should be allowed to remain in the 
orchard, as they are a source of danger even after they are removed from 
the trees. 

2. Spraying. — This is of value in preventing the formation of new 
cankers and in lessening fruit rot. The application of the fungicide must 
precede the period of the first general dissemination of the spores, so as to 
have the branches and the fruit coated with poison at the time when 
spores first reach their surfaces. The outline of the life history of the 
anthracnose fungus showed that spore dissemination did not begin until 
fall, hence spring applications, which are so necessary for scab, would be of 
no value for anthracnose. The time when the first applications of spray 
should be made will depend upon the severity of the disease and also upon 
the extent to which the disease is causing a rot of the fruit. In severely 
infested orchards the first applications will generally be needed previous 
to the picldng of the fruit. 

The use of Bordeaux in the control of anthracnose has been tested by 
both experimenters and practical orchardists, and numerous records of 
successful treatment with this fungicide have been reported. According 
to aU reliable information, lime sulphur has not given as complete success. 
When failures have been experienced in using Bordeaux it must be attrib- 
uted to untimely applications or to imperfect covering of the surfaces to 
be protected. 

The following brief summary of the spraying operations recommended 
is intended to apply to the most severe cases and may be somewhat 
modified for simple protection or for use in orchards showing a small 
amount of the disease: 

a. Spray with Burgundy mixture, ammoniacal copper car- 

bonate, lime sulphur, smnmer strength (1 to 30), or Bordeaux, 4-4-50, 
before the fruit is picked and previous to the first fall rains. Late applica- 
tions of the two latter fungicides interfere slightly with the coloring of the 
fruit and leave an evident deposit. The two first fungicides leave no 
deposit and seem to give good protection to the fruit. In the light of the 
present information, either Bordeaux or one of the clear fungicides should 
be first choice. 
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b. Spray with Bordeaux, 6-6-50, as soon as possible after the fruit is 
picked. • 

€. Repeat the application of Bordeaux, 6-6-50, 2 or 3 weeks after the 
second spraying. 

A spraying program as outlined above should keep the bark and fruit 
covered with fungicide during the period when infections are likely to 
occur. The most complete success can only be attained by extreme care 
in reaching every limb and supplementing the work by due attention to 
pruning and excision of cankers. Applications b and c will suffice in 
severe cases if the fruit rot is not an important factor, while in light 
attacks or for ordinary protection the single annual application, either 
a or b, will give good results, the choice to depend on the extent to which 
fruit rot is prevalent. 

According to the experiments of White (1922) in British Columbia, 
early varieties, such as Yellow Transparent, Duchess, Wealthy and 
Gravenstein, should be sprayed with Bordeaux (a weaker formula 3-4-40 
is recommended) as soon as the fruit is picked but before the fall rains; 
midseason varieties, like King and Jonathan, with Burgundy during the 
last week of August and with Bordeaux after the fruit is picked; while 
late varieties, such as the Baldwin and Spy, should be sprayed in August 
with 3-r4-40 Bordeaux. Burgundy is recommended for the early varieties 
because it leaves no deposit, while it is held that the deposit from Bor- 
deaux disappears, or at least becomes inconspicuous, on late varieties 
during the storage period, and so may be used without the necessity of 
wiping the fruit at picking time. 
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CHERRY LEAF SPOT 

Coccomyces $pp. 

This disease of the cherry is characterized by the production of 
localized dead spots on foliage, fruit and fruit pedicels, the serious aspect 
being the defoliation which is likely to result. The disease is known by 
various common names, such as ^^leaf blight,/^ ^Teaf spot,^^ “yellows,"' 
yellow leaf" and the “shot-hole disease." The last name has been 
frequently used because the dead areas often drop out, leaving circular 
or irregular perforations, while “yellows" and “yellow leaf" have been 
suggested by the pronounced chlorosis of the foliage which sometimes 
accompanies severe spotting. 

History and Geographic Distribution.---Leaf spot of the cherry was first noted from 
Europe in 1884 on Prunus paduSy and according to Sorauer and Lindau is confined 
almost entirely to that species in Europe. The disease is reported by Aderhold as 
having been common on both sweet and sour cherries in Europe for 10 years prior to 
1901. The related plum leaf fungus was studied by Arthur in New York (1886-1889) 
and Pammel gave special attention to this ^^spot disease of cherries” in Iowa in 1891. 
The causal organism was very imperfectly known until the work of Higgins in 1914, 
when an ascigerous stage on the overwintered leaves was definitely connected with the 
conidial stage. Since 1891 special bulletins on either life history or control have 
been issued from New York (1901,1914,1916), Wisconsin (1918), Michigan (1921, 
1925), Iowa (1897) and Nebraska (1908) Experiment Stations and by the U. S. 
Department of Agriculture (1919). According to Roberts and Pierce (1919), ^^cherry 
leaf spot occurs quite generally over the eastern half of the United States and has been 
reported as very destructive in Illinois, Iowa, Nebraska, Michigan, Connecticut, New 
York and New Jersey.” It is common in eastern Canada and has been reported from 
California, Oregon and Washington. In the West it seems to be confined very largely 
to the more humid coast sections. It has also been reported from South Africa and 
other foreign countries. 

Symptoms and Effects. — The leaf spot first appears upon the foliage 
as small, purple or reddish, circular spots, which later enlarge and turn 
brown. On certain varieties the brown spots may remain surrounded 
by a zone of reddish brown or in late infections may remain as small 
purple spots. The spots, }4 inch or less in diameter, may be few in num- 
ber or they may be so numerous as to coalesce and form large irregular dead 



Fig. 162 . — Cherry leaves .showing spotting due to Coccomyces hiemalis. 

appearance, hence the name “yellows” or “yellow leaf.” Seriously 
affected leaves may fall prematurely and it is not uncommon for trees to 
be nearly defoliated by J\ily 1 or a little later. Trees which have had 
their vitality weakened appear to suffer the most extreme defoliation. 
Especially severe yellowing and defoliation have been noted on English 
Morello trees which were suffering from a fungous trunk and root rot. 

Infections may occur on the fruit and fruit pedicels, and rarely upon 
the young shoots. The first report of pedicel infection for America was 
by Stewart and Eustace (1901), who reported one case of English Morello 
trees in which 

The fruit pedicels were so generally attacked by the fungus that it was some- 
what difficult to find one which was entirely free from the brown spots. The 
spots were from J ^ to inch in length and extended one-third to one-half the 
distance around the pedicel. Often the spots coalesced, and then a large portion, 
or even all, of the pedicel was brown. 
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areas. During humid periods whitish spore masses may appear in the 
center of the leaf lesions, being much more numerous on the lower than 
on the upper surface. It frequently happens that the dead brown tissue 
of the leaf lesions becomes separated from the surrounding tissue and falls 
out, leaving characteristic perforations which have suggested the com- 
mon name of shot hole. When several perforations occur in close proxim- 
ity they may form irregular or ragged holes. The shot-hole effect seems 
to be more frequent on sour than on sweet cherries. In severe or later 
stages of the disease there may be a pronounced chlorosis of the leaf tissue 
between the lesions, and affected trees may present a striking yellow 
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The presence of the pedicel lesions, combined with the defoliation, 
causes the fruit to ripen unevenly. Direct attacks of the fruit , are of 
minor consequence, but fruit lesions may occur as small brown spots. 

The chief injury to the fruit, however, results from the loss of vitality of the 
tree, due to the loss of leaves. In case of severe attacks the fruit often fails to 
mature, and wood and bud formation are seriously hindered. Repeated severe 
attacks may kill the tree (Keitt). 

The disease not only affects the crop for the season of attack, but, if 
severe, it means a ''laggard, sour crop of half-sized fruit'' for the next 
year. 

In another way the leaf cast works damage to the tree. Winter injury to 
cherries should be uncommon considering the hardiness of this fruit. It is 
notorious that orchards where leaf spot has injured the trees suffer most from 
winter injury. The impoverished limbs and twigs do not possess resistance 
(Coons, 1921). 

Leaf spot was recognized by the earlier studies as a very important 
disease of nursery stock. Pammel (1891) wrote: 

It is, in fact, so bad that the common varieties of the cherry cannot be grown 
from the pits. 

A case is on record where 40,000 young cherry trees were lost on account of 
leaf blight alone. The loss in Ohio in 1905 is estimated at $25,000. The preced- 
ing year it is estimated to have caused a loss of 8 per cent in Maryland. One 
nursery company in Nebraska claims to have lost $40,000 in 1903 on account of 
this disease (Hesler and Whetzel, 1917). 

The examples serve to show what the disease will do in nursery stock 
if allowed to develop unchecked. 

Etiology. — The leaf spot of cherries is due to two different species of 
ascomycetous fungi belonging to the Phacidiales: Coccomyces hiemalis 
Higgins, which affects Prunus avium, sweet cherries, P, cerasus, sour 
cherries and P. pennsylvanica (and also P. mahaleh, according to Keitt, 
19186); and Coccomyces lutescens Higgins, which attacks chokecherries, 
wild black cherries and the mahaleb cherry (P. mahaleh). The fungus 
was first described from its conidial stage in 1884 as Cylindrosporium padi 
Karst, and, until the work of Higgins in 1914, had been generally known by 
that name. The similar leaf spot of the plum had also passed under the 
same name, as they were supposed to be identical. ■ In 1876 Peck 
described a fungus from the wild black cherries of the Adirondack Moun- 
tains as Septoria cerasina. This and Septoria ravenelii Thtim., with 
which.it seems to be identical, have been shown to be Cylindrosporium, 
the conidial fruit being a typical acervulus. Arthur made a study of the 
plum leaf fungus and in 1887 described it as S. cerasina Pk., but he was 
apparently dealing with Cylindrosporium. He recognized an ascus stage 
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I , on the fallen overwintered leaves which he did not name, and which he 

' believed was a stage in the life cycle of the plum fungus, although definite 

I • |i proof was not offered. This discovery of Arthur was apparently over- 

‘ looked, for Duggar ( 1909 ) wrote: “No ascogenous stage of the fungus is 

known, and there is some doubt as to the ordinary method of wintering 
over.” The detailed studies of Higgins (1914) have shown by cultures 
and inoculations that the acervular stage on the living host is but a part 
of the life cycle of the Ascomycete which produces its apothecial stage on 
the fallen overwintered leaves. The following description will apply to 
Coccomyces hiemaUs, the common species of our cultiv^ited cherries: 



The mycelium is intercellular, with haustoria which penetrate the host cells. 
The haustorium enters through a very small hole in the cell wall and is very 
much attenuated as it enters, but the end enlarges into an oval elliptical body 
which contains a nucleus and a comparatively large vacuole. After the haus- 
torium has entered, the protoplasm of the invaded cell often deposits a cellulose 
sheath around the haustorium, apparently similar to that formed around the 
haustoria of the Erysiphacese as described by Smith (Higgins, 1914). 

The amount of killing of the host tissue is exceedingly variable, the 
minimum being just a few cells in direct contact with the stroma of the 
acervulus. Apparently no very poisonous toxin or enzyme is produced. 

Some lesions fall away before there has been time for the formation of 
the conidial fruits. Those which do persist sufficiently long generally 
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give rise to one or more acervuli, which appear either above or below. 
The acervulus consists of a disk-shaped stroma which forms beneath the 
epidermis, at first only one cell thick, but increasing with age. Conidio- 
spores develop on the upper or outer surface, at first in the center, and 
then centrif ugally . The stroma extends laterally between the epidermis 
and the mesophyll, and when the conidia have been formed in sufficient 
number the epidermis is lifted up and ruptured, and they are forced out 
upon the surface as yellowish-white or whitish opalescent, sticky masses 
or sometimes as more elongated tendrils. The conidia are hyaline, 
elongate, curved or flexuous, 45 to 60 by 2.5 to 4^ and continuous or one- 
to two-septate. 

The production of typical Cylindrosporium conidia (Macroconidia) 
ceases towards the end of the growing season, and from that time until the 



enlarged. {After Higgins'.) 

leaves fall the same stromata give rise to large numbers of microconidia, 
4 to 5 by 1 to 5 m, which are abstricted from the base of short branched 
conidiophores (these are probably what Arthur in 1886 classed as Phoma 
spores). 

Almost simultaneously with this change in spore form, the stroma begins to 
develop downward through the mesophyll and palisade layers of the leaf. The 
stroma usually extends entirely through to the upper epidermis but remains 
covered both above and below by the leaf epidermis (Higgins, 1914). 

This dark stroma begins to swell towards the lower side of the leaf 
during the first warm spring days, and the hymenial layer soon becomes 
evident, the paraphyses first, followed by the asci. In April or May the 
asci enlarge rapidly and raise the covering which breaks in a more or less 
stellate fashion. Soon after the rupture the apothecia are mature and the 
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ascospores are then forcibly expelled from pores in the papillate apex of 
the asci. The asci are clavate, 70 to 95 by 11 to 14^, eight-spored and 
have a long stout pedicellate base; the hyaline ascospores are fascicled in 
the large end of the ascus, linear, 30 to 50 by 3.5 to 4.5/i, continuous or 
one- to two-septate; the paraphyses filiform, septate with apex slightly 
enlarged and often hooked or forked. 

After the ascospores are shed the asci and paraphyses disappear and long 
slender conidia are formed on short conidiophores which arise apparently as 
branches from' the base of the paraphyses. They are once or twice septate and 
resemble Cylindrosporium conidia but are usually longer and a little more slender 
(Higgins, 1914). 

The conidia produced from the acervuli have been shown to lose 
their vitality rather quickly after drying, but fresh conidia germinate 
readily under proper conditions of temperature and moisture. During 
humid periods they are produced in abundance and are washed away by 
rains or are carried by other natural agencies to healthy foliage and thus 
serve to spread the disease during the growing season. Apparently the 
conidia do not live over the winter, and there is but little evidence that 
any active lesions persist on the young twigs. The ascus fruits are 
undoubtedly the source of the first leaf infections of the season, and the 
wind-borne ascospores are set free shortly before the first leaf lesions 
appear. It has been pointed out that they are more active in producing 
infections than the Cylindrosporium conidia. The conidia produced in 
the apothecia following the liberation of the ascospores are also capable 
of causing infections, but it is uncertain how important a part they play 
in the life of the parasite. The microconidia or spermatia are not known 
to be functional in producing new infections. 

Coccomyces species can be grown in cultures from either conidia or 
ascospores, but their behavior in culture is variable. The following state- 
ment of cultural characters is based on the work of Higgins (1914). 

Growth from the conidia is very slow, the colonies being visible to the naked 
eye only after 10 to 15 days. They show then as small whitish specks, which 
consist of stromata covered with conidia similar to those formed on the leaf 
lesions. After about 2 months a colony enlarges to a hemispherical mass, 0.5 
to 1 centimeter in diameter, and is black and crust-like in C. prunophorce from 
plums, dark but not crust-like in C. hiejnaliSj but creamy w'hite and more fioceose 
in C, lutescens. The dropping out of the circular leaf lesions producing the shot- 
hole effect is due to the enlargement of a layer of cells at some distance from the 
ends of the mycelium. Their enlargement is so abrupt and so great that the 
active cells separate from the adjoining inactive cells inside (Higgins). 

The separated leaf tissue turns yellow, shrinks rapidly and soon drops 
outd' It is believed that the enlargement of the cells is due to increased 
osmotic pressure, and that the production of shot holes is correlated with 
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Fig. 165. — Plum leaves showing an extreme case of shot hole due to Coccomyces pTV,nophor(s. 
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the amygdalin content of the leaves. According to this theory the amyg- 
dalin is broken down by an enzyme which is set free when the affected 
tissue wilts, and substances are produced which increase the osmotic 
pressure. This theory is substantiated by the fact that amygdalin is 
not found in Prunm avium ^ and that shot-hole formation is rare in this 
species. 

Host Relations. — As previously noted, two species of Coccomyces 
affect cultivated and wild cherries, while one species, C. prunophormy 
affects plums. Since the work of Higgins (1914) extensive cross-inocula- 


tion tests with Coccomyces spp, have been made by Keitt (19186). The 
strains studied were ^tentatively grouped as follows, according to the 
hosts from which they were procured: (1) P. cerasus, P. avium, P. 
mahaleb and P. pennsylvanica; (2) P. domestica; (3) P. virginiana; and 
(4) P. serotinaP Neither sweet nor sour cherries were infected from 
strains obtained from wild black cherries or from chokecherries, but a 
limited transfer from the bird cherry (P. pennsylvanica) to the cultivated 
species was noted. The conclusion may be drawn that there is but little 
danger of the infection of cultivated cherries by Coccomyces species from 
wild hosts. Conditions in the Inland Empire of the Pacific Northwest 
offer similar evidence without the use of extensive cross-inoculations. 
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Coecomyces is very common on the native chokeeherry (P. demissa) 
but both sour and sweet cherries always remain free from infection eve^’ 
though grown in many cases in close proximity to severely infected 
chokecherries. 

Prevention and Control.— A consideration of the life history of the 
pathogene will at Once suggest two possible lines of procedure: the elimi- 
nation of the apothecia, or the overwintered fruits, as a source of the first 
spring infections; and the protection of the developing foliage by the 
application of a fungicide. 

1. Early Clean Cultivation, If all the dead leaves could be destroyed and 
. if ^ the fungus harbored on no other plants, spraying would not be necessary 

■While it IS not practicable to practice sanitation with such thoroughness as to 
make spraying unnecessary, it is possible greatly to strengthen the spray schedule 
by tunmg under as many of these leaves as is feasible by clean cultivation in 
the sprmg before the spores of the fungus are discharged (Keitt, 1918). 

Clem cultivation to be most effective should precede the time when 
the blossom buds begin to break open. Whenever clean cultivation is 
practiced, it should be timed so as to assist in the control of leaf spot. 

2. Spraying or Dusting —In vepons in which leaf spot is prevalent 
in serious form, the use of a fungicide will be necessary to secure commer- 
cial control. The following applications are recommended: {a) Soon 
^ter the petals fall; (6) 2 to 3 weeks later; and (c) just after the fruit has 
been harvested. Excellent commercial control was obtained in Wiscon- 
sin m some seasons with only (a) and (6) in combination with thorouo-h 
early clean cultivation. In Michigan, spraying 4 weeks after the petals 
fall is_ also recommended (Dutton and Wells, 1925). Spraying before 
blooming gives no increased protection. The safety period for the first 
sprying, which is the most important one, may extend through about a 
week followmg the fall of the petals, but in unusually warm weather this 
penod for effective spraying is materially shortened. The spraying pro- 
gram should be modified to meet regional variations. 

^ The following liquid fungicides have given good control : (a) Bordeaux 
mixture, 3-3-50 or 2-2-50, the weaker strength for regions of light infesta- 
tion or if supported by good sanitation; (6) commercial lime sulphur 1-30 
1 40 or 1-50. In each fungicide arsenate of lead powder should be added' 

1 pound to 50 gallons. The spraying should be timely and thorough and 
an effort should be made to cover both upper and under surfaces of the 
leaves. The 1-30 lime sulphur may be used on sour cherries without 
danger of injury, but 1-40 has proved effective. 1-50 lime sulphur should 
e used on sweet cherries, according to Roberts and Pierce (1919) but 
Bordeaux should not be used on these varieties because of the dangler of 
that lime sulphur 1-50 may be used with safety by 
the addition of 34 pound of iron sulphate to each 50 gallons, which will 
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increase the adhesiveness and lessen the burning properties. Lime sul- 
phur, 3 gallons to 100, is recommended in Michigan (Dutton and Wells, 
1925) instead of Bordeaux because of severe foliage injury and serious 
: reduction in the size of the fruit with the latter. 

Dusting with sulphur has been recommended especially for nursery 
stock, but in some cases it has not given adequate control of the disease 
in orchard trees. A formula freqxiently recommended is 90 parts of dust- 
ing sulphur to 10 parts of finely powdered lead arsenate. The first appli- 
cation in nursery stock should be made when the cherry buds are 8-12 
inches high, and whether spraying or dusting is practiced the applications 
' should follow at intervals of about 2 weeks. The serious nature of the 
disease on nursery stock will necessitate from five to seven applications 
to give adequate protection. 
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IMPORTANT DISEASES DUE TO CUP FUNGI AND ALLIES 
I. Helvbllales 

Root rot of conifers, especially seedling trees (Rhizma inflata (Schaff.) Sacc.).-— Weir, 
J. R.: Observations on Rhizma inflata. Jour. Agr. Res. 4: 93-95. 1915. 

II. Pezizales 

1. Helotiacece: 

Brown rot of stone fruits {Sclerotinia spp.). — (See special treatment.) 

Drop of lettuce {Sclerotinia sclerotiorum (Lib.) Mass. = S. libertiana FckL). — Causes 
also wilt or stem rot of various garden vegetables and the cottony rot of lemons. 
Smith, R. E.: Botrytis and Sclerotinia: Their relation to certain plant diseases 
and to each other. BoL Gaz. 29: 369-407. 1900. Stevens, F. L.: A serious 

lettuce disease. N. C. Agr. Exp. Sta. Bui. 217: 1-21. 1911. Krout, W. S.: 

Control of lettuce drop by the use of formaldehyde. Jour. Agr. Res. 23: 645- 
654. 1923. Wakefield, E. M.: On the names Sclerotinia sclerotiorum (Lib,) 

Massee, and S. libertiana Fckl. Phytopath. 14: 126-127. 1924. Smith, 

C. O.: Cottony rot of lemons in California. Cal. Agr. Exp. Sta. Bui. 265: 237- 
258. 1916. Davis, W. H.: Drop of Chinese cabbage caused by Sclerotinia 

sclerotiorum (Lib.) Massee. Phytopath. 16: 249-259. 1925. 

Drop of lettuce {Sclerotinia mfnor dagger). — Also affects celery and other garden 
crops. At first confused with libertiana but now known to be a distinct species. 
Jagger, I. C.: Sclerotinia minor ^ n. sp., the cause of a decay of lettuce, celery and 
other crops. Jour. Agr. Res. 20 : 331-333. 1920. Beach, W. S,: The lettuce 
^'drop’’ due to Sclerotinia minor. Pa. Agr. Exp. Sta. Bui. 166: 1-27. 1921. 

Gray mold of castor heaxk {Sclerotinia ricini Godfrey). Godfrey, G. H.: Sclerotinia 
ricinij n . sp. parasitic on the castor bean {Ricinus communis). Phytopath. 9 : 565- 
567. 1919. Godfrey, G. H.: Gray mold of castor bean. Jour. Agr. Res. 23: 

679-715. 1923. 

Stem rot or wilt of clover and alfalfa (Sclerotinia vnjoliorum Eviks.). — Gilbert, A. H. 
AND Bennett, C. W.: Sclerotinia trifolioruniy the cause of stem rot of clovers and 
alfalfa. Phytopath. 7 : 432-442. 1917. Wolf, F. A. and Cromwell, R. 0.: 

Clover stem rot. N. C. Agr. Exp. Sta. Tech. Bui. 16: 1-18. 1919. Wadham, 

S. M.: Observations on clover rot {Sclerotinia trifoliorum Eriks.). New Phytol. 
24: 50-56. 1925. 

Hard rot and tip blight or cotton-ball of the cranberry {Sclerotinia oxycocci Wor.). — 
Shear, C. L.: Cranberry diseases and their conti’ol. U. S. Dept. Agr., Farmers’ 
Bui. 1081: 10-11. 1920. 

Canker of laxch (Dasyschpha calycina (Schum.) Fckl. — Hiley, W. E.: The fungal 
diseases of the common larch, pp. 16-79. Clarendon Press, Oxford. 1919. 

2. Mollisiaceoe: 

Leaf spot of alfalfa {Pseudopeziza medicaginis (Lib.) Sacc.). — (See special treatment.) 

Currant anthracnose {Pseudopeziza ribis Kieb.). — (See special treatment.) 

Black -spot canker, Pacific Coast canker, or anthracnose of apple and pear {Neojahrma 
malicorticis (Cord.) Jackson). — (See special treatment.) 

Leaf blight of pear and quince {FabrcBa maculata (Lev.) Atk.). — Atkinson,' G. F.: 
The perfect stage of leaf spot of pear and quince. Science n. s. 30: 452. 1909. 

Cunningham, C. H,: Fabrsea scald {Fabrcea maculata (LtSv.) Atk,) New Zeal. 
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Jour. Agr. 2S: 96-102. 1924. Hesler, L. H. and Whetzel, H. H.: Manual 
of fruit diseases, pp. 347-350; 388-390. The Macmillan Company. 1917. 
Yellow-leaf blotch of alfalfa (Pyrenopeziza medicaginis Fckl.). — Jones, F, R.: Yellow- 
leaf blotch of alfalfa caused by the fungus Pyrenopeziza medicaginis. Jour. Agr. 
Ees.lZ: 307-330. 1918. 

3 . Cenangiacece: 

Twig blight of pine and fir {Cenangium. abieiis (Pers.) Duby).— -Fink, Bruce . Injury 
to Pinus strobus caused by Cenangium abieiis. Phytopath 1: 180-183. 1911. 

Weir, J. R.: Notes on Cenangium ahietis {Pers.) Rehm on Pinus ponderosa. 
Phytopath. 11: 166-170. 1921. Liefe, J.: Neue Beobachtungen ueber Cewaw- 

gium abieiis. Zeitschr. Forstu. Jagdw. 54: 277-279. 1922, 

III. Phacidiales 

1 . Phacidiacem: 

Black leaf spot of arbor vitae (Keiihia thujina Dur.). — Weir, J. R. : Keithia thujmathe 
cause of a serious leaf disease of western red cedar. Phytopath. 6: 360-363. 
1916. 

Leaf spot of cherry (Coccomyces hiemalis Higgins) and leaf spot of plum (Coccomyces 
prunophorm Higgins). — (See special treatment of leaf spot of cherry.) 

Tar spot of maple (RJujtisma acerinum (Pers.) Fr.) — Ciferri, R.: Un intense attacco 
del Rhytis77ia acerinum (Pers.) Fr. alle folgie A Acer campestre. Riv. Patol. V eg. 
11: 93-95. 1921. Jones, S. G. : Life history of Rhystisma acerinum (Prelimi- 
nary account). Ann. Bot. 37: 731-732. 1923. Bracher, R.: Notes on 

Rhytisma acerinum and Rhytisma pseudoplatani. Trans. Brit. Myc. Soc. 9: 
183-186. 1924. Jones, S. G.: Life history and cytology of Rhytisma acerinum 

(Pers.) Fries. Ann. Bot. 39: 41-75, 1925. 

IV. Hysteriales 

1. Hypodermatacece: 

Leaf cast of larch (Hypodermella laricis Tubeuf). — Schmitz, H.: Leaf cast of Larix 
occidenialis by Hypoderinella laricis Tubeuf in North Idaho. Phytopath. 13: 
505-506. 1923. 

Leaf cast and witches’ broom of western yellow pine {Hypoderma deformans Weir). — 
Weir, J. R.: Hypoderma deformans. An undescribed needle fungus of the western 
yellow pine. Jour. Agr. Res. 6: 277-288. 1916. 

Leaf cast of white pine {Hypoderma strdbicola Tubeuf). — Graves, A. H.; Leaf blight. 

Lophodermium hrachyspormn Rost. Phytopath. 3 : 133-139. 1913. 

Leaf cast of pine and fir. — {Lophodermium pinastri (Schr.) Chev .-Tubeuf, K. von: 
Studien liber die Sehuttekrankheit der Kiefer. Arb. a. d. Biol. Abt.j Land-u. 
For St. Kaiserl. Gesundheitsamte 2: 1901. 
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DISEASES DUE TO POWDERY MILDEWS AND ALLIES 
ERYSIPHACEJE AND RELATED FAMILIES 

A number of families of related ascomycetes showing primitive ascus 
fruits on the one hand and on the other well-developed perithecia, which 
suggest either apothecial fruits or typical ostiolate fruits of the Sphseriales 
or sphere fungi, may be briefly characterized : 

1. Aspergillaceas. — The ascocarps are spherical or tuber-shaped, 
sclerotia-like, small, firm, membranous or fleshy, without an ostiole and 
break open irregularly at maturity. The asci are spherical or pyriform 
and bear two to eight continuous spores. The ascocarps are rarely 
formed, but the conidial stage is conspicuous and produces many spores. 
There are but two genera that merit special mention, and these are 
readily distinguished by their conidial forms: 

Penicillium , — Conidiophores erect, septate and branched, with the 
branches upright or nearly parallel, making pencil-like or brush-like tufts, 
with the terminal branches or sterigmata bearing chains of one-celled 
spores which readily separate. In certain species the conidiophores may 
be grouped into coremia (see also Imperfect Fungi). 

Aspergillus . — Conidiophores erect, generally non-septate and termi- 
nated by a bulbous enlargement with radiately arranged, simple or 
branched sterigmata bearing one-celled spores as in Penicillium. 

2. Plectodiscellacese. — The ascocarps are stromatic, indefinite, innate 
in the substratum and composed of a basal colorless parenchymatous or 
prosenchymatous portion in which the globular asci are irregularly 
arranged, with superficial, darker-colored cells. 

Plectodiscella , — Ascospores elongated, transversely three-septate and 
hyaline. 

3. Perisporiacese, — Mycelium generally dark, sometimes hyaline 
when young or within the substratum. Perithecia superficial, dark, 
without ostiole, and without differentiated appendages. Conidial stages 
various but never of the Oidium form. Three genera furnish species of 
economic importance: 

Thielavia . — Perithecia globular, brown, completely closed and with- 
out appendages. Asci evanescent, spores unicellular and lenticular. 
Conidia of two types: (1) hyaline endospores produced internally in 
chains in terminal branches or groups of branches, and set free by the 
rupture of the branch tip; and (2) dark-colored, thick- walled chlamydo- 
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spores borne in chains on hyaline lateral branches, but separating at 
maturity. 

Cleistothecopsis—'Penthecm superficial, irregularly globular, dark 
brown or black and without ostiole; wall pseudoparenchyniatous, outer 
cells dark, inner hyaline, Asci evanescent, eiglit-spored, ascospores 
muriform, dark. The conidial form of the single species has been known 
under the following names: Vermicularia circinans, Volutella cdrcinans 
dMd Colletotrichum circinans. 

MefeoZa.— Mycelium superficial, dark, making a sooty coating. Peri- 
thecia globose, with simple or branched appendages. Ascospores 
oblong, two to five-septate or rarely muriform. Conidia of several types. 

4. Erysiphacese. — Mycelium mostly superficial, hyaline. Perithecia 
dark, without ostiole, but with characteristic appendages. Asci one to 
several, two to eight-spored. Conidial stage referable to the form genus 
Oidium. This family comprises the true powdery mildews (see more 
detailed account). 

6. Microthyriaceae. — Mycelium superficial or subcuticular, dark. 
Perithecia superficial or innate, mostly shield-shaped, dark and radiate, 
generally with only the upper half well developed, opening by an ostiole 
or by the rupture of the shield. There is one important genus. . 

Diplocarpon, — Perithecia spherical to disciform, on a stromatic base, 
opening by the rupture of the covering membrane or shield, and when 
mature discomycetous in appearance. Ascospores unequally two-celled, 
hyaline. Conidia two-celled, hyaline, in an acervulus (Marsonina type), 

THE POWDERY MILDEWS (Erysiphace®) 

The powdery mildews are obligate parasites which live for the most 
part on the surface of host parts making first a delicate, hyaline, cobweb- 
like growth of mycelium (in a few cases the old mycelium may become 
brown), which soon assumes a white, powdery or dusty appearance due to 
the development of numerous conidia. It is this feature which has sug- 
gested the common name of the family. While the powdery mildews are 
mainly leaf parasites, they may grow upon stems, flower parts or fruits. 
Some of the species cause little or no apparent injury to their hosts, while 
others may cause destructive diseases. 

General Characters. — The characteristic features are as follows: (1) 
the external septate mycelium; (2) the asexual reproduction by conidia, 
generally formed in chains on erect unbranched conidiophores; and (3) 
the sexual reproduction by oogonia and antheridia, with the formation of 
closed spore fruits, or perithecia, bearing characteristic outgrowths or 
appendages. 

Hyphm and M^ceZiu?n.“While in most species of powdery mildews the 
mycelium is superficial, the hyphac form special sucking organs, or haus- 
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tofia^ which penetrate the epidermal cells or even into the subepidernial 
cells for the withdrawal of the necessary food. These haustoria are of 
two general types: (1) globular or pyriform enlargements borne by 
slender penetrating hyphse; and (2) branched enlargements which very 
greatly increase the absorbing surface over that afforded by the globular 
types. In the formation of a haustorium a localized swelling of the host 
epidermal wall precedes the pushing out of a delicate penetrating hypha. 
The swollen wall may be pushed in some distance by the penetrating 



hypha, and may finally be ruptured and persist as a collar around the base 
of the haustorial filament or be carried into the cell as a cellulose capsule 
surrounding the globular enlargement of the haustorium. In some 
species the hyphse form special enlargements or appresmia which appear 
to fix the hyphse more firmly to the epidermal walls of the host, and in 
such cases the haustoria are developed from the faces of the appressoria 
in contact with the epidermal wall. Within the family there is a tendency 
to the development of internal parasitism. For example, in Phyllactinia 
corylea, the common tree mildew, the haustoria do not penetrate the 
epidermal cells, but special septate branches grow through the stomata 
into the substomatal chambers and then haustoria which enter adjacent 
cells are formed by these internal branches. One species (Oidiopsis 
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(Erysiphe) taurica) develops an internal mycelium which emerges and 
forms a surface growth previous to the organization of the spore fruits. 

Conidia and Types of Conidiophores.—’Th.B common type of conidial 
formation is by the production of rows of uninucleate, unicellular, oval or 
barrel-shaped hyaline cells in chains on the ends of erect conidi^hores. 
These conidia are detached and, accumulating on the surface of the host, 



Fig. 167. — Conidial stage of powdery mildew on the surface of a peach leaf, s, germ tube 
from a conidium that has germinated, {After Tulasne.) 

give the characteristic powdery coating. If heavily mildewed shoots are 
shaken these spores will fly away in a visible cloud. Before the relation 
of the conidial stage to the ascigerous stage was understood, the generic 
name, Oidium, was applied to the conidial stage of the powdery mildews. 
This is still spoken of as the Oidium stage, and when perithecia are 
unknown the mildew may be referred temporarily to the form genus. 
Pour different types of conidiophores are recognized by Foex (1923): (1) 
the basal cell is at the same time the pedicel and the generative cell and 
gives rise to a chain ofr conidia; (2) a unicellular pedicel bears one genera- 
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tive or mother cell, above which a long or short chain of conidia develops; 
(3) the conidiophore consists of a row of cells slender below and broader 
above, which bears a single apical conidiiim; and (4) the multicellular 
pedicel, or base, originates from endophytic hyphse and from this spore- 
bearing branches arise, and emerge through the stomata of the host, each 
producing a single conidium. The conidia are capable of immediate 
germination but are relatively short lived. They are disseminated by 
the wind and other agents, but heavy precipitation seems to be unfavor- 
able for their spread, since they may be washed down to the ground and 
never reach host surfaces on which a new mycelium may be established. 



Fig. 168. — Types of conidiophores and the development of conidia. A, the conidio- 
phore is the generative cell; B, with a special generative cell (g) at the base of the chain of 
conidia; C, with a single terminal conidium; i>, simple or branched conidiophores (Oidiopsis 
type) from an internal mycelium. (D, after Foex.) 

The Spore Fruits or Perithecia , — After a period of vegetative activity 
and the production of conidia, the fungus forms spore fruits or perithecia, 
which appear as minute black dots seated in the superficial mycelium. 
These perithecia, which are formed from June and July to the end of the 
growing season, are at first hyaline like the mycelium, but later they 
become a clear yellow and when mature are either a dark brown or black. 
In specimens collected at the right time, hyaline, yellow and brown 
perithecia may be found side by side on the same superficial mycelium. 
Some species of powdery mildews when growing on certain hosts or under 
the influence of certain environmental conditions produce perithecia but 
rarely. In some species the development of perithecia takes place only 
on certain organs of the host, the mycelium on the other parts producing 
conidia only. 

A mature perithecium of a powdery mildew consists of a globular or 
slightly flattened, closed body, 50 to S50ju in diameter, which encloses one 
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to several subglobular to pyriform spore sacs or asci, each bearing 2 to 8 
unicellular hyaline ascospores. Plexuous or rigid, simple or characteristi- 
cally branched outgrowths from the surface cells of the perithecial wall 
constitute the so-called appendages. The origin and the development of 
a perithecium may be outlined as follows: a lateral branch of a hypha 
is separated by a cross-septum and enlarges to form an oval, elongated or 
slightly twisted, uniuncleate cell, the oogonium; an adjacent hypha pro- 
duces a branch which remains more slender, and cuts off a terminal 
smaller, uninucleate cell, the anflimdmw, from the more elongated pedicel 
cell. Antheridium and oogonium come into contact, and solution of a 
portion of the separating walls takes place, thus bringing the cytoplasm 



Fig. 169. — SphcBrotheca castagnei. Fertilization and development of the perithecium. 
1, oogonium (og) with the antheridial branch (az) applied to its surface; 2, separation of the 
antheridium (an); 3, antheridial and odgonial nuclei have met; 4, union of the nuclei; 5, 
fertilized oogonium surrounded by two layers of hyphjB derived from the stalk cell (si ) ; 
6, later stage in the development of the perithecium. The cell with the two nuclei (as) 
gives rise to the ascus, (A/ler Harper.) 

of the two cells in communication. The antheridial or male nucleus then 
migrates into the oogonium and fuses with the oogonial or female nucleus, 
the fusion constituting the process of fertilization. Following fertilization 
two changes are initiated which lead to the development of the perithe- 
cium: (1) division of the fertilized egg cell to produce a cell aggregate from 
which one or more asci arise; and (2) the production of hyphal cells from 
the stalk of the oogonium which grow up around the segmented egg cell 
and form the enclosing wall of the perithecium. 

In the simplest and most primitive of the powdery mildews, as may 
be illustrated by Sphserotheca species, the fertilized egg cell divides to 
produce a stalk cell and an apical cell. The former remains without 
further division, while the latter undergoes division and produces several 
cells, one of which is binucleate and develops into an ascus. In the forms 
with several asci the process is very similar, but slightly more complex, the 


528. 


MANUAL OF PLANT DISEASES 


end result being a multicellular aggregate from which the seV'^^ral asci 
originate. u 

The wall of a developing perithecium consists of inner ano| outer 
layers, the inner consisting of hyaline cells, with abundant cytoplasi;|i, and 
thin unmodified cell walls; the outer of cells with scanty content® and 
modified walls which first become yellow, then dark brown. The inner 
layers occupy all the space not required by the developing asci, supply them 
with food and are dissolved and appropriated by the time the perithecium 
is mature. The appendages which are outgrowths of the surface cells of 
the perithecial wall are of the following types: (1) flexuous, hypha-like 
and generally unbranched, as in Sphaerotheca and Erysiphe; (2) rigid and 
straight (rarely unbranched), but generally two to several times dichoto- 
mously branched, as in Podosphsera and Microsphsera; (3) straight and 
spirally inrolled or hooked at the apex, as in Uncinula; and (4) rigid and 
straight, with bulbous base and more slender pointed extremity, as in 
Phyllactinia. 

The perithecia show either a radial or a dorsiventral structure. In 
some species they remain attached to the substratum, as in nearly all 
species of Sphserotheca and Erysiphe, while in nearly all others they are 
provided with some device for detaching them from the substratum. 
In Microsphsera, for example, the cells on the lower side of the perithe- 
cium are thinner walled and larger than on the dorsal or upper side. 
When these perithecia dry out, the walls of the under sides become con- 
cave and separate from the mycelial threads by which they were attached, 
thus freeing them from the substratum. The loosened perithecia may be 
detached singly or in groups which are held together by the interlocking 
appendages and the groups may be washed down by rains or carried away 
by the wind. They may be again fixed to a substratum by the mucilagi- 
nous character of the hyphse and appendages when acted upon by 
moisture. The perithecia of Phyllactinia are set free in an entirely dif- 
ferent way. With alternate drying out and absorption of moisture the 
perithecia are raised and lowered by the movements of the appendages. 
With loss of moisture the appendages are turned downward, thus raising 
the perithecium on stilt-like legs, but with moistening the appendages 
are straightened. This movement is dependent on the structure of the 
bulbous bases of the appendages, which are tliick-walled above and thin- 
walled below. In this genus the upper surface of the young perithecium 
is furnished with a ring of penicillately branched appendages which break 
down into a gelatinous cap about the time the spores are mature. By 
means of this sticky cap the detached perithecium may adhere upside 
down to any new surface with which it is brought in contact. 

The perithecia in most cases are overwintering fruits, the ascospores 
being able to germinate only after being exposed to winter temperatures. 
In a few species the ascospores may be ejected in the fall under favorable 
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conditions of moisture and temperature and germinate at once, but the 
general period for ascospore expulsion is during the warm spring rains. 
The perithecium is ruptured by the absorption of water and the swelling 
of the asei, which protrude through the rupture, and spore expulsion takes 
place by the successive explosion of the asci. From this behavior it seems 
that the ascospores are adapted for wind dissemination as in the majority 
of other ascomycetes. In many species of powdery mildews it is these 
wind-blown ascospores which are responsible for the first spring infections, 
since the conidia are short-lived and are not ordinarily able to survive the 
winter. The first mycelia from the ascospores soon produce conidio- 
phores and conidia which are responsible for the rapid Summer spread of 
the mildew. It is known that some powdery mildews, especially certain 
species attacking woody hosts, can survive without the production of 
perithecia. The grape mildew {Uncinula necator) was known in Europe 
for 47 years before any perithecial formation was observed. The oak 
mildew became generally prevalent in England and on the Continent 
about 1904, but perithecia were never found until 1911. Even in certain 
species in which perithecia are commonly formed, it is the belief that they 
play a minor part in carrying the fungus over the winter. In such cases 
the dormant mycelium either hibernates in the winter buds and resumes 
activity when buds open in the spring, or special cells are formed which 
are highly resistant. 

Biological Species.— The existence of specialized physiological strains 
or so-called biological species within certain morphological species has 
been demonstrated by means of inoculation tests. For example, the 
grass mildew (Erysiphe graminis) was first shown by Marchal in 1902 to 
consist of seven physiological strains, and the extreme specialization of 
this and other mildews has been shown by later studies by Neger, Salmon 
and Reed. One strain can infect oats and Arrhenatherum elaUus, but not 
other grasses; another certain species of Bromus only; another wheat and 
related species of Triticum; while still others affect barley and rye and 
various groups of wild grasses. The occurrence of physiological spe- 
cialization has been shown for a number of other species of mildews, 
especially the cucurbit mildew (Erysiphe cichoTacearum)^ the pea mildew 
(jE, polygoni) and the rose mildew (Sphcorotheca humuli). The occurrence 
of so-called ^'bridging species^^ has also been noted. For example, a cer- 
tain strain may affect host a and 6 but not c, but later the mildew from 
host b may then be carried over to host c. Host b may thus act as a 
bridge by which the mildew may pass from its original host to a species 
that was immune to direct attack. The extent to which this is true 
remains for further investigations to establish. 

Classification. — The principal characters on which the genera are 
based are the number of asci in the perithecium, the symmetry of the 
perithecia, the kind of appendages and the location of the mycelium. 
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Subfamily Erysiphe.® 

Mycelium superficial, sending haustoria into the epidermal cells or 
into subepidermal cells; asci one or several; appendages various; peri- 
thecia radial or dorsiventral, and persisting or becoming detached from 
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Fig* 170. — Semidiagrammatic drawings of the perithecia of the principal genera of powdery 

mildews. 


the host surface at maturity. The following genera may be briefly 
characterized: 

Sphaerotheca. One ascus; appendages flexuous^ hypha-like and 
generally unbranched; perithecia radial, persisting. 
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Podospha^ra.' — One ascus; appendages rigid, dichotomonsly branclied 
or more rarely simple: perithecia dorsiventral, becoming detached. 

Erysiphe— Several asci; appendages flexuous, liypha-like and gener- 
ally unbranched; perithecia radial (except E. gmminis), persisting. 

Trichociadia.— Several asci; appendages flexuous and simple or dicho- 
tomously branched; perithecia dorsi ventral; becoming detached. 

Microsphsera. — Several asci; appendages rigid, several times dichoto- 
mously branched or rarely simple; perithecia dorsiventral, becoming 
detached. 

Uncintila. — Several asci; appendages rigid, simple or rarely dichoto- 
mously forked, the apices spirally coiled or hooked; perithecia dorsiventral, 
generally becoming detached. 

Subfamily PHYLLACTiNEiB 

Mycelium superficial and sending branches through the stomata into 
the substomatal intercellular spaces, or mycelium intercellular and emerg- 
ing to the surface to form the perithecia. 

Oidiopsis. — Mycelium intercellular; asci several; appendages as in 
Erysiphe; perithecia dorsiventral; conidiophores branched, emerging 
through the stomata. 

Phyllactinia. — Mycelium with haustoria-bearing branches entering 
the stomata; asci several; appendages of two kinds: (1) rigid with bulbous 
base and pointed extremity; and (2) peiiicillate and transformed into a 
mucilaginous cap at maturity; perithecia dorsiventral, becoming detached; 
conidiophores simple, with single conidi um. 
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POWDERY MILDEW OF APPLE 

Podos'phmra leucotricha (E. & E.) Salrn. 

The powdery mildew of the apple is a fungous disease that attacks the 
1-year-old shoots, affecting twigs, foliage, blossoms and fruits, disfiguring, 
stunting, deforming or killing the invaded structures. 

History.—This apple disease was first noted in the United States in 1871 by Bessey, 
who reported it on seedling apples in the nursery at Iowa State College. He referred 
the fungus to another species of Podosphsra, and it was not until 1888 that Ellis and 
Everhart recognized the difference and described it as Sphmrotheca leucotricha. Burril! 
in 1892 changed the name to /S. mali (Duby) and it was considered under this name 
until Salmon in 1900 established the identity of the fungus and referred it definitely 
to Podosphoera leucotricha. 

The first extensive experimental work on the control of apple mildew was published 
by Galloway in 1889, from studies made in the eastern United States, where he found 
the disease serious on young trees in the nursery. Later he reported the successful use 
of ammoniacal copper carbonate in Controlling the disease. Pammel discussed the 
occurrence of the disease in Iowa in 1894, and recommended the use of Bordeaux 
mixture instead of ammonical copper carbonate. Brief reports of the occurrence of 
apple mildew both east and west of the Rooky Mountains were recorded later, but the 
first extensive consideration of apple mildew as a serious disease was published by 
Ballard and Volck (1914) from their studies in the Pajaro Valldy, California. This 
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was soon followed by the work of Fisher (1918, 1920, 1922), who considered the apple 
mildew and its control in the arid regions of the Pacific Northwest. 

This disease was known only from North America until 1898, when it was reported 
by Magnus from the Tyrol, but it seems probable that the apple mildew of Germany 
described by Sorauer in 1889 should be referred to P. leiicotricha. What was appar- 
ent^ identical with our American apple mildew was studied by Cobb as prevalent in 
Australia as early as 1892, while Cunningham (1923) has recently given attention 
to the disease in New Zealand. The apple mildew of England, which occurs in the 
conidial stage only (Oidiwn faTinosu'm)^ should probably be referred to P. leucairicha 
also... 

Geographic Distribution. — Apple mildew has been reported from many parts of 
the world, including various European countries, Japan, Australia, New Zealand, the 
United States and Canada. In the eastern United States it has long been present as 
a disease of nursery stock, and has been commonly noted on water sprouts of bearing 
trees and occasionally on the normal twigs of the old trees, but it has not generaliy 
been sufEciently troublesome to require attention in commercial orchards. In a few 
localities in Virginia, West Virginia, Maryland, and other eastern states the disease 
has been sufficiently severe to demand control measures. In recent years, however, 
the disease has assumed importance as a disease of bearing orchards west of the Eocky 
Mountains. While the disease is now found quite generally established in this 
portion of the United States, there are several important apple sections in which the 
trouble has developed unusual severity. Special mention should be made of the 
serious aspects of the disease in the Pajaro Valley of California, where its development 
has been promoted by the especially favorable climatic conditions,— moderate 
temperatures with frequent fogs interspersed with clear periods. The drenching of the 
foliage with fog and dews is common in this valley. Equally severe injury is caused in 
other but less important apple districts of California. Mildew has caused more or less 
concern in Utah, Idaho, Oregon and Washington, but it has increased in severity in 
the central, warm irrigated, valleys of Washington, which include the most important 
apple districts of the state (Walla Walla, Yakima and Wenatchee). While the disease 
is very common on the coast, it does not seem to cause as much injury. It seems 
probable that the absence of drenching rains in the more seriously infected districts is 
a favoring factor, while the climatic conditions and irrigation practices produce a 
more susceptible condition of the host. 

Symptoms and Effects. — The disease is found on the foliage, twigs, blossoms 
and fruit of the apple. 

Upon the affected leaves the disease is first manifested in small grayish or 
white, felt-like patches of fungous growth. It usually appears first upon the 
under side of the leaves, which soon 'become crinkled and curled. Wlien very 
young leaves are attacked they have a tendency to increase in length but not in 
breadth, and may become somewhat folded longitudinally. The fungous 
patches rapidly enlarge and soon cover the entire leaf. In a very short time the 
affected areas are covered with masses of powdery spores, which give the disease 
its name and spread it about during the growing season. The affected foliage 
is rendered hard and brittle and is frequently killed. In any case it ceases to 
function normally, and a devitalization of the tree with consequent crop reduction 
results, the severity of which depends upon the portion of the leaves attacked 
(Fisher). 

The fungus causes the same white powdery appearance on the 1-year- 
old twigs as on tlie leaves, but by midsummer (July) the powdery condi- 



MANUAL OF PLANT DISEASES 


tion begins to disappear and gradually the extei-nal whitish growth is 
transformed into a brown felt-like covering in which numerous minute 
black fruiting bodies are embedded, giving the affected twigs a speckled 


Fig, 171. — Shoots of apple heavily infested with powdery mildew {Podosphcsra leucotricha) 

{After Fisher.) 


Fig. 172. — Blossoms and young leaves showing severe attack of powdery mildew. 

(After Fisher.) 

appearance. The infected l-year-old twigs are either stunted or killed 
back, sometimes completely, sometimes only at th^ tips, which are 
especially susceptible to attack. 
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Blossom infection usually results from the overwintering of the fungus in the 
dormant blossom buds. In this case the entire blossom cluster and attendant 
leaves are attacked. ' The floral parts are shriveled and blighted, so that no 
fruit is produced. On account of the fact that infected buds do not open and 
spread mildew spores until some time after healthy 
buds have unfolded (usually about the time nor- 
mal blossoms are dropping their petals), there is 
little danger of general blight spreading over 
the blossoms during the blooming period. 

Young fruits, however, are frequently attacked 
shortly after the blossoming period, and infections 
may remain established on the apples until the 
skin liardens in midsummer, after which the fun- 
gus generally does not persist upon the fruit. The 
fungus may become established upon the apples 
either by spore germination upon the fruit or by 
spreading down the stem from infected twigs. In 
the former case it is usually the calyx end of the 
apple that is affected, but in the latter the basin 
alone may be involved. W'hen very young apples 
are infected their grovdh is stunted, but a riisset- 
ing of the skin always results from the presence of 
the fungus. This russeting shows a tracery of fine 
lines, usually as a network, but sometimes so 
closely woven that a solid patch appears. The 
expansion of the growing fruit frequently causes 
cracks to form in the hardened area and allows the 
apple to become shriveled (Fisher). 

The nature of the disease is such that 
quantitative determination of the injury or 
the amount of loss is very difficult. The dis- 
ease has both a direct and an indirect effect on 
production. The different types of injury 
are as follows: (1) the leaves are stunted, 
deformed or killed, and consequently the tree 
is robbed of its power of food production, in 
proportion to the extent of the infection; (2) 
affected terminals are either stunted or killed 
back, wholly or in part, the number killed 
being a partial measure of the injury; (3) the 
flowers are deformed or blighted so that fruit 
may fail to set; (4) the blighting of twigs lessens or prevents the formation 
of blossom buds, which must affect production the following year; and (5) 
the fruit which does mature may be disfigured by russeting or cracking, 
so that its market value is considerably reduced. This last effect, is not 
uncommon in Washington, but it is reported as lacking in the Pajaro 



Pig. 173. — Apple twigs in 
dormant condition, showing 
a heavy coating of powdery 
mildew. The perithecia are 
present in large numbers in 
the dark patches. After 
Fisher. 
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Valley of California. In general, it can be said that the Pajaro Valley 
trees in the regions favorable to mildew suffer a gradual decline in vigor 
and thrifty appearance, and show retarded growth and lessened produc- 
tiveness unless careful control measures are practiced. 

Etiology.— Apple powdery mildew is caused by an obligate fungous 
parasite, Podosphmra leucotricha (E. & E.) Salm. This fungus, like all 
other powdery mildews, is directly and absolutely dependent upon its 
host, so there never has been any doubt as to its causal relation to the 
disease. Another closely related mildew, P. oxyacanthce (DC.) De By. 
is sometimes found on the apple in the eastern United States, but it has 
never been reported as serious. 

The pathogene is an external parasite and spreads its delicate, cobweb- 
like filaments or hyphse (mycelium) over the surface of the affected parts 
— leaves, flowers, young fruits and 1-year-old stems. This fungous body 
absorbs its nourishment from the underlying cells by means of special 
sucking organs which penetrate the cell cavities. The fungous body pro- 
duces two kinds of spores or reproductive bodies — conidia or summer 
spores, and ascospores or overwintering spores. . 

As soon as the hyphse have established themselves on any parts, the 
prostrate vegetative hyphse give rise to numerous erect branches which 
form chains of specialized barrel-shaped cells or conidia. These conidia 
soon begin to break away at the ends of the chains and, dropping down 
between the erect hyphse, produce the characteristic powdery appearance 
of the affected parts, which has suggested the common name of the 
parasite. Each conidiophore, or conidia-bearing branch, has an unlim- 
ited power of spore production, so that enormous numbers of conidia may 
be produced on a single leaf. A conidium can germinate at once, and 
produce a new fungous body if it can find a new host surface on which to 
develop. The conidia are carried by the wind or by other agents, and 
are thus responsible for the rapid local spread of the mildew during the 
earlier portions of the growing period. 

By midsummer the mycelium on the diseased twigs has changed from 
the colorless or hyaline condition to brown, and as the result of a sexual 
process, special spore fruits, the perithecia, appear in the form of minute, 
dark-brown, globular bodies, barely visible to the naked eye (75 to 96/( 
in diameter), embedded in the external felt-like growth. Each spore 
fruit shows a number (3 to 11, usually 3 to 5) of long, rigid outgrowths, or 
appendages, from the upper side and some short, flexuous hyphai (append- 
ages) from the lower surface (sometimes nearly obsolete). Young 
apical appendages are hyaline, thin-walled and septate, but become thick- 
walled with the lumen more or less obliterated with age, and are dark 
brown in the lower half but paler towards the tip, which is undivided and 
blunt or rarely once or .twice dichotomously divided. The essential 
structure, however, is a single, oblong or subglobose, eight-spored sac or 
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ascus (55 to 70 by 44 to 50/i) within, the perithecium. The hyaline, 
single-celled ascospores reach maturity in the spring of the year and dur- 
ing the warm spring rains the perithecia rupture and allow the protruding 
spore sacs to explode. Thus the ascospores are forcibly expelled, and 
may be carried away by air currents, and fall on young foliage, when new 
infections may be established. In the apple the perithecia appear to be 
confined very largely to the twigs, while on the pear they are rare on the 
twigs, but may sometimes be produced in abundance on the fruits (Fisher, 
1922). 

From the above account it might be inferred that the ascospores are 
the only means of carrying the fungus over the winter, but it was pointed 
out by Galloway in 1889 that they were of little importance, and that the 
fungus overwinters in the form of a dormant mycelium in the leaf and 



Fig. 174. — Perithecium of Podosphcera leucotricha with aseus being liberated; also a free 
ascus much enlarged. {After Fisher, U. S. Depi. Agr. Bui. 712 .) 

flower buds. This opinion has been corroborated by the work of Ballard 
for the Pajaro Valley, California, and by Fisher for the Wenatchee district 
of Washington. According to Ballard and Voick: 

The mildew growing over the surface of the shootshas an excellent opportunity 
to work its way in between the bud scales and penetrate both the lateral and 
terminal buds. This actually happens, and within these buds the mildew passes 
the winter in a dormant condition. The following spring, as the infected buds 
begin to open, the mildew commences to grow and keeps pace with the develop- 
ment of new leaves and twigs. Hence infected shoots appear all over the trees as 
soon as they leaf out in the spring. 

The unimportance of the ascospores in the immediate spread of the 
fungus is emphasized by the rarity of the spore fruits in certain sections, 
especially England and the eastern United States. Fisher has pointed 
out that mildew is in evidence in the Wenatchee district before the asco- 
spores are expelled, and concludes that the ascospores play little if any 
part in spreading the disease. It seems especially significant, however, 
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that a copious production of ascospores is characteristic of those regions 
in which mildew is severe* The short-lived nature of the conidia or 
summer spores would suggest that they are responsible for the immediate 
local spread of the disease, while the more resistant ascospores may be 
responsible for a wider dissemination and rejuvenation of vigor or 
virulence. 

Host Relations and Varietal Resistance. — While this mildew is of 
most importance as an apple disease, it also affects the pear, quince, cherry, 
plum, hawthorn and june berry. It is sometimes the cause of serious 
injury in pear orchards, especially in those regions of severe infestation of 
apples, like the Yakima and Wenatchee valleys. As observed by the 
writer in the Yakima Valley, and by Fisher in the Wenatchee district 
(1922), twig and foliage infection is not general, but the fruit may be very 
generally attacked. D^Anjou and Louise Bonne are recorded as suscep- 
tible, Bartlett moderately susceptible and Flemish Beauty and Winter 
Nelis markedly resistant. The effect of the disease on the pear is 

. . . the production of a black or russeted disfiguration, and in some cases a 
distortion of the shape somewhat like early scab infection. There is also evidence 
that the disease caused an abnormal drop of fruit, especially on D' Anjou (Fisher, 
1922). 

So far as known, no varieties of apples are immune from powdery 
mildew, but varying degrees of resistance are shown. The following 
varieties have been listed with reference to their susceptibility: 


Susceptible 

Location 

Resistant 

1 Location 

Black Ben Davis 

Wenatchee Valley 

Langford 

Pajaro Valley 

Esopus (Spitzenburg) . , . 

Pajaro Valie,y 
Wenatchee Valley 

Red Astrachan 

Pajaro Valley 

Fameuse (Snow) 

Wenatchee Valley 

Rhode Island 
Greening 

Pajaro Valley 

Grimes Golden 

Wenatchee Valley 

White Permain 

Pajaro Valley 
Wenatchee Valley 

Gravenstein 

Pajaro Valley 

Red Permain 

Pajaro Valley 

Jonathan 

Missouri 

Smiths^ Cider 

Stayman 

Yellow Bellflower 

Yellow Newtown 

Wenatchee Valley 
Pajaro Valley 
Pajaro Valley 
Wenatchee Valley 
Pajaro Valley 
Wenatchee Valley 
Pajaro Valley 

Winesap 

Wenatchee Valley 


ControL — In the early experiments on the control of apple powdery 
mildew in the eastern United States both Bordeaux and ammoniacal 
copper carbonate were recommended. The development of the disease 
in severe form in the regions west of the Rocky Mountains presented new 
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control problems, peculiar to the different climatic conditions. Three 
distinct lines of procedure have received emphasis: (1) pruning; (2) 
cultural or other practices to produce vigorous early growth; and (3) 
spraying. In the regions of severe infestation no single practice will give 
adequate control. In well-cared-for orchards, in which it is possible to use 
Hme sulphur for scab, mildew causes little or no additional concern. 

1. Pruning . — Winter pruning for the removal of mildewed shoots 
which carry the fungus over the winter should be practiced. During the 
dormant season prominent infections may be detected by the gray or 
silvery appearance of the twigs. Careful attention to the elimination of 
these mildewed shoots will lessen the amount of the disease that will 
appear when growth starts in the spring and consequently will retard the 
spread of the disease. Careful attention to pruning is valuable for other 
reasons. Winter pruning improves the growth and foliage conditions 
during the following season and consequently is of advantage in combat- 
ing the mildew. In this operation interlacing branches should be 
removed and the long, spindling branches cut back. In severely mildewed 
orchards it will probably be advisable to prune much more heavily than 
under perfectly normal conditions. 

2. Cultural or Other Practices . — Careful attention to cultivation, cover 
crops or irrigation methods suited to the locality will help by keeping the 
trees in the best possible vigor. Puny, slow-growing trees are more 
susceptible to mildew than those with rapid vigorous growth. Spraying 
with crude-oil emulsions, as commonly practiced in the Pajaro Valley for 
scale-insect control, is reported to stimulate a vigorous early growth of 
foliage the following spring, and consequently to be of value in mildew 
control. For soils weak in nitrogen the use of sodium nitrate as a ferti- 
lizer may be of material aid, but overferilization should be guarded 
against. 

3. Spraying.— The first two control practices are at best only supple- 
ments to spraying, which must be practiced in orchards of the regions 
favorable to mildew. The times for application of the spray mixtures are 
as follows: (1) Just before the blossoms open (pink spray) ; (2) just as the 
last petals are falling (calyx spray); (3) about 2 weeks after the calyx 
spray; (4) about 4 weeks after the calyx spray. In cases of severe infec- 
tion it may be necessary to apply later sprays which may be put on at 
intervals of about 3 weeks until the latter part of August. These spray- 
ing dates are the same as those recommended for scab (see p. 580), but 
scab is either absent or present in only small amount in most regions 
seriously affected by mildew. It should be noted that the first spraying 
was omitted from the recommendations for the Pajaro Valley, California, 
but it seems probable that it could be used to good advantage there also. 

The materials recommended for the different applications are as 
follows: For “pink spray,” “calyx spray,” and the third application use 
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either lime sulphur, 1-50, or iron sulphide; for later applications use lime 
sulphur, 1-50, or iron sulphide in regions where there is no danger of 
burning or in case of light crops or severe infections in regions where 
burning is likely, or where sulphur sprays cause burning use ammoniacal 
copper carbonate (3-5-50 formula), neutral Bordeaux (4-4 ± 50 formula) 
or Burgundy mixture with lime (4-5-2-50 formula). 

The climatic peculiarities of the Pajaro Valley, which caused much 
injury when either Bordeaux or lime sulphur were used, led to the substitu- 
tion of the iron sulphide mixture by Ballard and Volck. While this was 
satisfactory for that region, its adoption for the hot irrigated valleys of 
central Washington led to disastrous results. 

In the Yakima Valley and in the Wenatchee Valley also, both the iron 
sulphide, lime sulphur, and other sulphur fungicides have caused much 
burning of exposed fruit (sulphur sun scald) when used after about June 1, 
when high temperatures (above 90°F. in the shade) and burning sunshine 
are common. The copper sprays have been introduced to overcome this 
difficulty. In general, they are less efficient in mildew control than the 
sulphur sprays, and copper carbonate is much more expensive than the 
sulphur mixtures. 

Various proprietary preparations of sulphur consisting of very finely 
divided particles are also effective in the control of powdery mildew, 
especially for protective sprays, but lime sulphur is more effective when 
it is necessary to fight well-established cases of active mildew. Atomic 
sulphur, 10 pounds to 100 gallons of water, has been recommended by 
Cunningham (1923) as the most efficient fungicide for New Zealand. 
The value of dusting with sulphur for the control of mildew has not been 
sufficiently tested, except for nursery stock (Stewart, 1915), but in view 
of success with apple-scab control it would seem worthy of trial where 
and when the danger of sulphur burning is not a disturbing factor. 
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IMPORTANT DISEASES CAUSED BY POWDERY MILDEWS AND ALLIES 

I. ASPERGILLACEiB 

Blue-mold rot of apples (Penicillium expansum Link). — Hesler, L. R. and Whetzel, 
H. H.: Manual of fruit diseases, pp. 91-96. 1917. Brooks, C. and Cooley, 

J. S.: Temperature relations of apple rot fungi. Jour. Agr. Res. 8: 139-164. 
1917. Kidd, M. N. and Beaumont, A.: Apple rot fungi in storage. Trans. 
Brit. Myc. Sbc. 10: 98-118. 1924, (See also Imperfect Fungi, p. 653.) 
Blue-mold rot of citrus fruits {Penicillium italicum Wehmer and F. digiiatum Sacc.). — 
Powell, G. H. et al: The decay of oranges while in transit from California. 
U. S. Dept. Agr.j Bur. PL Ind. BuL 123 : 1-79. 1908. Barger, W. R. and 
Hawkins, L. A.: Borax as a disinfectant for citrus fruit. Jour. Agr. Res. 30: 
189-192. 1925. 

Fig smut and date smut {Aspergillus niger Van Tiegh.). — Also called black smut and 
Sterigmatocystis smut. The form on figs has been described as a separate species, 
A. ficuum (Reich.) Hen., and the date form was also considered a distinct species, 
A. phcmicis (Corda) P. & D. Sterigmatocystis is not a type considered of 
generic worth, Phillips, E. H., Smith, E, H. and Smith, Ralph: Fig smut. 
Cal. Agr. Exp. Sta. Bui 3SY: 1-38. 1925. 

Black mold of onions {Aspergillus niger Ym Tiegh.). — Van Pelt, Wayne: Black mold 
of onions. Ohio Agr. Exp. Sta. Mo. Bui. 2: 152-156. 1917. 

II. PLECTODISCELLACEiE 

Anthracnose of Rubus species {Plectodiscella ven.eta (Speg.) Burk.). — Burkholder, 
W. H.: The perfect stooge of Gloeosporium venetum. Phytopath. 7: 83-91, 1917. 

: The anthracnose disease of the raspberry and related plants. Cornell 

Univ. Agr. Exp. Sta. Bui 396 : 153-183. 1917. Jones, L. K.: Anthracnose of 

cane fruits and its control on black raspberries in Wisconsin. TFts. Agr. Exp. 
Sta. Res. Bui 50: 1-26. 1924. 

III. Perisporiace^ 

Root rot of tobacco, beans, peas, etc. {Thielavia hasicola (B. & Br.) .^opf). — Clinton, 
G. P.: Root rot of tobacco. Conn. Agr. Exp. Sta. Eepi. 1906: 342-368. John- 
SON, James: Host plants of Thielavia basicola. Jour. Agr. Res. 7: 289-300. 
1916. Johnson, James and Hartman, R. E.: Influences of soil environment on 
the root rot of tobacco. Jour. Agr. Res. 17 : 41-86. 1919. Peters, Leo: Zur 

Biologie von Thielavia basicola Zopf./ Ber. Biol. Reichanst. Land-u. Forstw., 
(1920) 16 : 63-74. 1921. Valleau, W. D. and Kinney, E. H. : Strains of stand- 
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up white Burley tobacco resistant to root rot. Ky. Aor Exv Sin r.v.. oo 
1-16. 1922. ^ • //. w,. zs: 

Onion smudge {Cleistothecopsis cirdnans S. & T.). — Stevens, F. L. and True 
Esther Y.: Black spot of onion sets. Ill Agr. Exp. Sta. Bui 220: 505-532 
1919. Walker, J. C.: Onion smudge. Jour. Agr. Res. 20: 685-722. 1921 

; Disease resistance to onion smudge. Jour. Agr. Res. 24: 1019-1040 

1923. 

Sooty mold of orange {Meliola penzigi Sacc.).— The sooty mold is commonly known in 
its conidial stage as Fumago. Some differences of opinion prevail as to the 
identity of the forms occurring on citrus species. Webbeb, H. J.: Sooty mold 
of the orange and its treatment. U. S. Dept. Agr., Div. Veg. Phys. '<& Path. Bnl 
13: 1-34. 1897. Abnato, G.: Contribution I’etude des Fumagines Ann 

Bcole Ncaion Agr. Montpellier 10 : 211 - 330 . 1910-11; 12 : 23. 1912, 

IV. Erysiphacejb 

Powdery mildew of roses, strawberries, etc. {Sphcerotheca hurnili (DC.) Burr ) — 
Norton, J. B. S. and White, T. H.: Rose mildew. Md. Agr. Exp. Sta. Bui 
156: 73-80. 1911. Easbea, W.; Mildew-resistant roses: with some sugges 

tions as to increasing their number. Jour. Roy. Hort. Soc. {London.) 43 - 25^ 
260. 1919. Hazelwood, H. H.: The conquest of mildew. Anier. Rose Ann 

1926: 81-85. ’ 

Powdery mildew of peaches, roses, etc. {Sphcerotheca pannosa (Wallr.) Lev.).— W hip- 
ple, 0. B.: Peach mildew. Colo. Agr. Exp. Sta. Bui. 107 : 3-7. 1906. Stew- 

art, V. B.: Some important leaf diseases of nursery stock. Mildew of rose and 

peach. Cornell Uniu. Agr. Exp. Sta. Bui. 358 : 221-220. 1915. 

Gooseberry ^dew or American powdery mildew {Sphcerotheca mora-uvae (Schw.) 

B. <k C.). Salmon, E. S.: The American gooseberry-mildews S. B. Agr 

College, Wye, Repl on Econ. Myc. 1908: 13-39. 1909. Salmon,* E S and 

Wright, C. W B.: The lime sulphur wash for American gooseberry mildew. 

^ E. Agr. College, Wye, Repl on Econ. Myc. 1912: 74-84. 1912. Owens 

C. E. : Gooseberry mildew control. Ore. Crop Pest & Hori. Repl 3 (1915-1920) • 

152-155. 1921. P ^ . 

Powdery mildew of peas, clover, etc. {Erysiphe polygoni DC.).— Van Hook J. M.: 
Powdery mildew of the pea. Ohio Agr. Exp. Sta. Bui. 173 : 247-248.' 1906 
Mains, E. B.: Differences in the susceptibility of clover to powdery mildew 
Proc. Ind. Acad. Set. 38: 307-313. 1923. 

Pow^ry^Idew^of grasses and cereals {Erysiphe grammis DC.).-Reed, George 
M.: -rae mildews of the cereals. Torrey Bot. Club Bui. 36 : 353-388. 1909. 

oa I ™iWews of Avena and Triticum. Mo. Agr. Exp. Sta. Res. Bui. 

43. 1 U. 1916. : Varietal resistance and susceptibility of oats to 

pwdery mildew, crown rust and smuts. Mo. Agr. Exp. Sta. Res. Bui. 37: 

1 41. 1920. 

Powdery mffdew of cucurbits, composites, etc. {Erysiphe cichoracearum DC ) - 
Reed, G. M.: Infection experiments with the mildew on cucurbits, Erysiphe 
cichoracearum DC. Trans. Wis. Acad. Sci., Arts, & Letters 16: 527-547 

JVn TT' specialization of parasitic fungi. Meni. Brooklyn 

Bot. Card. 1: 348-409. 1918. 

Powtoy^^ of grape {Undnula necator (Schw.) Burr.).— Bioletti F. T.: 

powdery mildew of the vine. Cal Agr, Exp. Sta. Bui. 186: M5-350. 
rt 1 ' A Flosspedeb, F. C. H.: Oidium or powdery mildew of the vine. 

a. Exp. Sta. Circ. 144: 1-12. 1915. Beddick, D. and Gladw'^in, 

1^ . E. : Fowdery mildew of grapes and its control in fche United States. Repl 
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Int. Cong. Vit 1915: 117-125. 1915. Castella, F.be and Brittlebank, C. C.; 
Oidium of the vine, Uncinula spiralis (Berk, and Cooke). Jour. Dept Agr. 
Victoria 21: 673-685; 21: 738-745. 1923. Castella, F. de: Oidium of the 

vine. Jour. Dept Agr. Victoria 23: 98-108. 1924. 

Apple mildew {Podosphoera leucotricha (E. & E.) Salm.). — (See special treatment.) 
Cherry mildew {Podosphoera oxyacanthoe (Fries) de B.). — Galloway, B. T.: The 
powdery mildew of the cherry. U. S. Agr. Comm. Kept 1888 : 352-357. 1889. 

Stewart, V. B. : Some important leaf diseases of nursery ’stock. Powdery 
mildew of cherry. Cornell Vniv. Agr. Exp. Sta. Bui. 358: 192-194. 1915. 

Oak mildew (Microsphcera querdna (Schw.) Buit.). — Buchheim, A.: Zur Eenntnis 
des Eichenmehltaus. Zeitschr. Pfianzenkr. 34: 1-11. 1924. Raymond, J.: 

Peritheces de Microsphcera querdna (Schw.) Burr, observes dans le sud-ouest de la 
France. Rev. Path. Veg. & Entom. Agr. 11: 254-258. 1924. Petri, L.: 

Osservazioni ed esperienze sulFoidio della querce, Ann. 1st. Sup. For. Noz. 
Firenze 9 : 57-80. 1924. 

Common tree mildew {Phyllactinia corylea (Pers.) Karst.), — Palla, E.: Ueber die 
Gattung Phyllactinia. Ber. Deut. Bot. Ges. 17: 64-72. 1899. Salmon, E. S.: 

On certain structures in Phyllactinia. Jour. Bot. 37: 449-454. 1899. 

V. MiCROTHYRIACE 

Black spot or blotch of roses {Diplocarpon rosce (Fr.) Wolf) . — W olf, F. A. : The perfect 

stage of Actinonema rosse. Bot Gaz. 54: 218-234. 1912. : Black spot 

of roses. Ala. Agr. Exp. Sta. Bui. 172: 113-118. 1913. Massey, L. M.: 

Experiments for the control of black spot and powdery mildew of roses. Phyto- 
path. 8: 20-23. 1918. Alcock, N. L.: On the life history of the rose blotch 

fungus. Bui. Misc. Inf. Roy. Bot Gard., Kew 18 (1918): 1-4. 1918. 

Strawberry leaf scorch {Diplocarpon earliana (E. & E.) Wolf). -—Stone, R. E. : Leaf 
scorch or mollisiose of the strawberry. Phytopaih. 12: 375-380, 1922. Wolf, 

F. A.: Strawberry leaf scorch. Jour. Elisha Mitchell Sd. Soc. 39: 141—163. 
1924. 


CHAPTER XXII 

DISEASES DUE TO THE SPHERE FUNGI AND ALLIES 

PYRENOMYCETES 

The fungi belonging to this group have no distinctive feature of either 
mycelium or conidial fruits. The latter generally constitute a very promi- 
nent stage in the life history of these pathogenes, while the ascigerous 
stage, which is frequently formed independent of the host or as a sapro- 
phyte on dead parts, is in many cases much less conspicuous. Various 
types of conidial fruits may be developed and when these alone are known 
the fungi forming them are referred temporarily to the proper groups of 
the Fungi Im'perfecti. 

The Ascigerous Fruits.— -The distinctive feature of the sphere fungi 
and allies is the ascigerous fruit, which is typically an ostiolate perithe- 
cium. This is a globular or sac-like structure enclosing the asci, which 
generally originate in a group from the basal portion of the cavity. Para- 
physes or sterile filaments may be present or lacking. The perithecia may 
be simply sac-like cavities immersed in an aggregate of fungous tissue, a 
stroma,^ or they may be provided with definite walls. In the latter case 
the perithecia may be single and embedded in the substratum, seated 
upon it, or they may be grouped in stromata that are either embedded in 
the substratum or are superficial. The sphere fungi and alHes as here 
considered constitute a large part of the group of Pyrenomycetes, while the 
cup fungi and allies a,re the forms included under the Discomycetes. 

The asci are typically eight-spored and the ascospores may be hyaline 
or dark, show great diversity of form and vary from continuous to many- 
septate. As in the cup fungi, the ascospores are forcibly expelled at 
matunty, but only a single ascus explodes at once. In a typical case an 
ascus elongates until the tip protrudes through the ostiole, and when the 
hydrostatic pressure within the ascus becomes sufiicient the explosion 
occurs and the spores are shot forcibly upward into the air. Following 
the collapse of the old ascus wall another ascus may elongate to take its 
place and soon another spore load is shot into the air. Spore expulsion 
contmues during favorable conditions of temperature and moisture until 
the ^ci have all exploded. Perithecia are thus repeating spore guns 
which are sending ascospores into the air to be carried away by air currents 
In a few cases the asci do not explode but the ascospores are set free by the 
gelatmization of the asci. 
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ClassMcation. Ihe following is a tabulation of the orders and 
families with the important genera furnishing plant pathogenes. 

I. Hypocreales 

The perithecia are soft leathery, fleshy or membranous and are never 
black but show various other colors, such as buff, yellow, brown, red or 
purple. The mycelium is also light or bright colored but never black. 
The perithecia are globular or flask-shaped, free on the substratum, 
embedded in a superficial mycelial weft or subiculum or seated on or 
sunken in a stroma. In general, the ostiolate perithecia have a thick 
wall of more or less pseudoparenchymatous character, but in Claviceps 
the walls of the perithecia are not differentiated from the stroma. 

1. Hypocreaceas.— A single family with the characteristics of the 
order. 

Nectria , — Perithecia soft membranous or fleshy, yellow, red or brown, 
single or grouped on the substratum, on a subiculum or in or on a fleshy 
stroma. Spores two-celled, ellipsoid, blunt or pointed, generally hyaline, 
but rarely reddish. Conidial stages prominent and various. 

Calonectria . — Perithecia red or yellow, free or seated in a white cottony 
radiate subiculum. Spores elongated, hyaline, four-celled. 

Gihberella . — Perithecia transparent blue or violet, free or seated on an 
effused of fleshy stroma, and scattered or grouped. Spores ellipsoid or 
fusoid, four-celled, hyaline. Conidial stage a Fusarium. 

Claviceps . — Develops in the ovaries of grasses or sedges and forms 
horny sclerotia which replace the seed. Overwintered sclerotia produce a 
number of cylindrical stalks each bearing a globular head (stroma or 
receptacle) in the periphery of which the asci are borne in perithecial 
cavities without differentiated walls. Asci eight-spored, ascospores 
continuous, fascicled, needle-shaped and hyaline. A conidial or Spha- 
celia stage is formed during the early period of development of the 
sclerotia. 

Epichlos . — Stromata smooth, fleshy membranous, surrounding the 
culms and leaf sheaths of various grasses, white at first, becoming reddish 
brown. Perithecia immersed, spores filamentous, breaking up within 
the asci. 

Cordyceps . — Develops in the bodies of adult or larval stages of certain 
insects, a few in subterranean fungi, transforming them into mummies 
or sclerotia, from which stalked stromata are developed. Perithecia 
embedded in the enlarged teminal portions. Ascospores filamentous, 
breaking up within the asci. 

II. Dothidiales 

Mycelium forming a sclerotia-like stroma, generally within the sub- 
stratum, but becoming free by the rupture of overlying host tissue. 
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Stromata black superficially but pale or light colored in the interior 
(stromata are sometimes superficial from the first or remain permanently 
immersed). The perithecia are simply ascus-containing locules in the 
stromata and are without differentiated walls. 

1. Dothidiacese. — Characters as indicated for the order. 

Phyllachora . — Stromata in the mesophyll of leaves, remaining covered 
by the epidermis. Ascospores continuous, hyaline. 

Plowrightia . — For the most part in branches of trees or shrubs and 
forming a compact superficial stroma on which, the perithecia are borne. 
Ascospores ovate, two-celled and hyaline. 

III. Sph^riales 

The Sphasriales, or the sphere fungi, are characterized by the formation 
of typically ostiolate, mostly globular perithecia with well-developed walls, 
which constitute a distinctive character as contrasted with the Hypoc- 
reales and the Dothidiales. The perithecia are carbonous, soft leathery 
or membranous, brittle, tough or delicate, single or grouped and may be 
immersed, erumpent or superficial on the substratum or in connection 
with either a subiculum or a well-developed stroma. The ostiole of the 
perithecium is sometimes only a circular opening in the free end but more 
frequently it is at the tip of a short papilla, an elongated beak or a long, 
slender neck, many times the length of the body of the perithecium proper. 
The various forms of ostioles may be found in both free and stromatic 
species. The spores are either hyaline or dark and great diversity is 
shown in form and septation, varying from globular to acicular and from 
continuous to septate forms, either linear aggregates or muriform masses. 
The light or dark (mostly the latter) mycelium is either in or on the 
substratum and may be filamentous or compacted into stroma-like 
aggregates. 

The Sphscriales consist of numerous families which differ from each 
other by only slight characters. The number of genera and species is very 
large, and while the number of parasitic species is small as contrasted 
with the saprophytic forms, the group furnishes a considerable number of 
very important plant pathogenes. The saprophytic forms may occur on 
various substrata, but they are especially abundant on decaying herba- 
ceous stems, woody twigs or leaves. Of the parasitic species, the great 
majority have retained the saprophytic habit for the perithecial stage, 
while a conidial stage develops on the living parts of the host. The 
perithecial stages may reach maturity only after the old dead host tissues 
(stems, twigs, cankers, fruits or dead leaves) have been subjected to 
winter temperatures, and for this reason the ascospores have sometimes 
been designated as the winter spores,’^ while the conidia have been 
called the summer spores.'^ This condition does not always prevail, but 
in some forms ascospores are matured whenever condition^ for growth are 
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afforded, while conidia may be developed- even- during the winter period ^ 
when the temperatures are moderate. 

The most important genera of the various families furnishing plant 
pathogenes will be given brief characterization in the following key, based 
principally upon spore characters: 

1. Spores one-celled, hyaline: 

A. Perithecia clothed with hairs Trichosphwria 

A A, Perithecia smooth: 

B, Stroma lacking: 

Perithecia long-beaked and single Ceraiostomella 

Perithecia long-beaked and in a valsoid cluster .Calosphmria 

Perithecia papillate or apapillate 

Paraphyses present.. Physalospora 

Paraphyses lacking (see also Guignardia) Ascospora 

.SB. Stroma valsoid: 

Spores slender, curved Valsa 

Spores edongated, cylindrical CryptosporeUa 

Spores fusoid Botryosphceria 

BBB, Stroma not valsoid, perithecia rostrate. . . Xllomerella 

11. Spores one-fjelled, dark: 

A. Perithecia superficial or sunken in the substratum, separate: 

Apapillate RoselUnia 

Spiny rostrate Acanihorhynchus 

A A. Perithecia in a stroma: 

Stroma disk-like \ Numullaria 

Stroma pulvinate. ..... . .Hypoxylon 

Stroma club-shaped or branched Xylaria 

III. Spores two-celled, hyaline: 

A. Stroma dark, diatrypoid or valsoid. . . Diaporthe 

AA. Stroma orange to brown, valsoid Efidothia 

AAA. Stroma lacking: 

B. Perithecia smooth, immersed or protruding: 

C. Asci thickened at the end and provided with a terminal canal 

Grwmonia 

CC. Asci not thickened or without a terminal canal. 

Spore cells very unequal, small lower cell cut off shortly before 
maturity Guignardia 

^ - f Mycosplmrella 

Spore cells equal or nearly so | 'Didymellina 

BB. Perithecia setose at apex, immersed and later protruding or super- 
ficial Yenturia 

IV. Spores two-celled, smoky or dark: 

A. Perithecia many paraphysate, carbonous, superficial NeopecMa 

A A. Perithecia with few or no paraphyses: 

.Spore cell sapproximately equal Didymosphmria 

Spore cells unequal, lower cell smaller Yenturia 

V. Spores two to several celled, ellipsoid or' fusoid, hyaline, oleraceous, yellow or 
brown: 

A. Spores hyaline: 

Perithecia thin-walled, covered with stiff bristles Acantkostigma 

Perithecia thin-walled, smooth. . , SphceruUna 
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A A, Spores brown or sometimes hyaline: 

Peritheeia thick-walled, coriaceous to subcarbonoiis, superficial 


Herpotrichia 

Perithecia coriaceo-membranous, subepidermal Leptosphwria 

VI. Spores long linear, several septate, hyaline or yellowish. ...... Ophiobolus 

Vil. Spores muriform: 

A. Hyaline PleospJmrulina 

A A. Yellow or brown: 

Perithecia smooth Pleospora 

Perithecia hairy over all or around the ostiole Pyrenophora 
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ERGOT 

Claviceps purpurea (Fr.) Tul. 

Ergot is a disease of cereals and wild grasses which attacks the 
inflorescence, causing the replacement of certain grains or kernels by 
black or dark-purple, horny, spur-iike structures, the ergots, or sclerotia 
of the pathogene. . The name is of French origin, being taken from argot 
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OT ergot, meaning a spur, which term was used by the early French writers. 
It has sometimes been referred to as spurred rye, cockspur or black grain 
of corn in England, but ergot is the name most generally employed in 
America. The most common German name is ^^Mutterkorn.” It is a 
disease of outstanding importance because of the medicinal properties of 
extracts of the ergots, and because of its causal relation to a disease of 
man and animals known as '' ergotism. 

History. — The earliest experiences with ergot are probably connected with epi- 
demics among people and animals. At the time of Galen, a Greek physician (A.D. 
130-200), epidemics of human disease were attributed to grain impurities, which 
were probably ergot. The use of ergot as a drug was practiced long before its true 
nature was known. Various ideas as to the nature or cause of ergot prevailed, some of 
which were as follows: (1) a degenerate kernel with the external covering consisting 
of the integument of the rye kernel; (2) due to a superabundance of nutritive material; 
(3) due to lack of equilibrium in the process of fertilization or failure of the flower 
to become fertilized; (4) wounding of plants or heads by certain insects; (5) abnormal 
fermentations during moist weather; (6) improper soil. 

The conidial or honey-dew stage of ergot was recognized as a fungus, and named 
Sphacelia segetum by L6veille (1827), but he believed this to be a parasite on the ergots. 
De Candolle had previously named the ergots, or Sclerotium clavus (1815). 

Meyen (1841) published observations which showed that ergot was developed from the 
Sphacelia stage'. The germination of the ergots was noted by Fries (1846), and he 
named the perithecial fungus Sphoeria purpurea, but believed it to be a fungus entirely 
independent of the conidial or Sphacelial stage. 

The first complete working out of the life history of the ergot fungus is to be 
credited to the celebrated French mycologist, Tulasne (1853). Since that time the 
common ergot of rye and other grasses has been called Claviceps purpurea (Fr.) TuL 
Ergot is frequently mentioned in botanical and pathological literature, and although 
Atanasoff (1920) records 305 titles, but few present important additions to our knowl- 
edge of the disease. Special mention may be made of the work of Stager (1903-1912) 
on pathogenicity and race specialization, of Falck (1910) on ascospore dissemination 
and of Bonus (1921) on cultures and their physiologic properties. The latter ^s 
attempts to produce ergot of medicinal value in culture were not successful. 

Geographic Distribution. — ^Ergot has been reported on some of its hosts from all 
the continents and from New Zealand. It has been found as commonly at high 
altitudes, up to the upper limit of cereal cultivation, as at lower regions. In the 
United States it seems to be most frequent in the region from the New England states 
westward to the Rocky Mountains, and has even been of some importance in portions 
of the open plains country of the northern Mississippi Valley. It is relatively rare in 
the Pacific Northwest, but has been reported more frequently on barley than on rye. 
It was of very general occurrence on durum wheat in North Dakota in 1921. In some 
countries in 'which it occurs it is reported that ergot does not have so general a preva- 
lence as some of the other cereal diseases, but shows a more local occurrence, appar- 
ently being favored by mountainous or wooded country in which there are sheltered 
valleys protected from the full sweep of the winds. Such conditions do not, however, 
exist in North Dakota, a wind-swept plains country, yet ergot is sometimes epiphy- 
totic in that state. European countries, especially Russia, and also Siberia in Asia, 
have been the source of the most of the commercial product. Tomsk and Omsk, in 
Siberia are reported as important ergot-trading centers. 

Symptoms and Effects.— Ergbt ig not generally noticed in the field 
until the appearance of the dark or violet-colored, spur-like bodies which 
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take the place of certain grains in the heads of panicles of the affected 
host. These ergots or sclerotia are generally longer and larger than nor- 
mal grains and consequently protrude from the glumes as conspicuous 
structures. They are more or less cylindric, straight or frequently 
curved, smooth or longitudinally furrowed, hard or horny and white 
within the external violet or dark-colored exterior. These sclerotia may 
vary from one to many in a head, and may be scattered throughout the 
inflorescence, but are frequently more common in the lower or middle 
part. 



Fig. 175. — Ergot on wild wheat grass. 


In size the sclerotia vary considerably, depending first upon the size of the 
flower glumes in which they are produced, and second upon their number in a 
single head. The smaller the flowers are the smaller will be the sclerotia. In 
most eases they are one or two times longer than the flower glumes, although 
they sometimes may become much longer. In rye they are 1 to 3 centimeters 
long, and up to 8 millimeters in diameter. Sclerotia froni Molmia ccerulea. are 
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from 4 to 6 millimeters long and 1 to IJI millimeters thick; from Fo^/ annua 
they are scarciy 3 millimeters long; fromPoa p7'ate?isis they are never longer than 
6 millimeters. On Elyynus canadensis they are almost if not fully as long as on 
rye (Atanasoff, 1920). 

Previous to the organization of the sclerotiathe affected grains may 
be noticed. Very early in the infections, a sweetish secretion, the so- 
called honey dew,” is formed by the developing fungous structure and 
oozes out through the glumes. As the structure becomes evident this 
secretion is frequently continued and shows as a sticky mass over the sur- 
face of the fungous structure. A shriveled tawny remnant of this early 



Fig. 176. — Ergot on wild rye grass. 


growth will be found persisting on the apex of the ripening sclerotium, 
forming the ^^cap,” which finally drops away. 

Ergot produces purely localized infections, attacking only single 
florets. The ergots or sclerotia are not produced by all of the infected 
florets, and these incipient infections are marked by the presence of 
blasted kernels and empty florets. It has been recorded for rye that ^^of 
730 ergotized spikes, 47 per cent of the florets either held blasted kernels 
or were empty, and 10 per cent held sclerotia* Of 651 unergotized spikes 
only 31 per cent of the florets either held blasted kernels or were empty” 
(Seymour and McFarland, 1921). Diseased spikes have also been shown 
to be shorter and lighter than unergotized spikes. Some of the ergots 
will fall to the ground before the grain is harvested, but others will persist 
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and be mingled with the normal grain in the threshed product. In any 
grain or seed crop, ergot will cause a decrease in yield and a lowering of 
quality and in a hay crop a lowering of quality because of the poisonous 
properties of the sclerotia. 

Salmon estimated that 20 pounds of a wild rye hay {Elymus virginicus 
suhmukcus) that was heavily infected contained about 4 ounces of ergot 
and that some Illinois red top carried 1 pound of ergot to 75 pounds of hay’ 
A Nebraska hay composed of a mixture of western wheat grass lAgropyron 
occidentale) and various wild ryes has been estimated by Heald and Peters 
(1906) to contain as high as 5 to 6 per cent of ergot 
by weight. These illustrations are typical of 
conditions which have been reported from other 
countries. 

The actual decrease in yield of a seed crop 
varies with the season in those regions in which 
ergot is prevalent. In 1917 rye was so heavily 
infected in some Wisconsin fields that nearly every 
head had one or more sclerotia, and cases where 20 
to 50 per cent of the heads are ergotized have been 

not uncommon in both Europe and America. An 

average annual loss of 0.3 per cent has been 
estimated for German rye fields, while in Russia 
a decrease of yield as high as 20 per cent has been 
reported. 

Ergotism.— Since early times ergot has been 
known to cause disease in both man and animals. 
Epidemics were fairly common in the Middle Ages 
and many of those known as “Ignis sacer” are 
supposed to have been due to ergot. The “Holy 

FT«i77_r' * , . Spain and France in 922 was beheved to 

■ leas bSlr Epidemics have become rare 

, , . in the jast few centuries and, with the modem 

methods of milling, ergotism has become unimportant as a disease of man 

orSimrlT f reported among the peasant classes 

grain ^ ’ presumably from eating bread made from ergot-containing 

Ergotism as known now is a disease of bovines caused by the consumption 
) considerable quantities of food contaminated by ergot. Equines are apoar 
ently ess susceptible than bovines, although horses have been known to suffer 
severely from this disease (Atanasoff), 

Other domestic animals and chickens are also affected. The feeding 
of ergotized hay or grain may cause losses to stockmen as foUows- (1) 
from the impairment of the general health of animals when consumed in 
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quantities too small to give rise to the pronounced symptoms of ergot 
poisoning; (2) from the production of abortion in cows and mares; (3) 
from either spasmodic or gangrenous ergotism, when ergot is present in 
considerable quantities or is consumed in smaller quantities through a 
considerable period. 

The gasteroenteric symptoms of the disease are: an excessive salivation, 
accompanied with redness, blistering inflammation and wasting gangrenization 
of the mouth epithelium. Similar changes also occur on the epithelium of the 
gut, producing vomiting, colic, diarrhaea and constipation. In the spas 77 iodic 
type of the disease, symptoms of overstimulation of the central nervous system 
appear. There appears also tonic contractions of the flexor tendons of the limbs, 
anaesthesia of the extremities, muscular trembling, general tetanic spasm, con- 
vulsions and delirium. Nervous phenomena, such as insensibility, blindness 
and paralysis, also appear (Atanasoff, 1920). 

Gangrenous ergotism is a chronic condition due to the. cumulative 
effect of consuming ergot through a prolonged period. It is supposed to 
he due to the prolonged constriction of walls of the arteries and capillaries, 
producing coldness and angesthesia of the extremities, followed by a dry 
gangrene. In this phase of the disease this gangrene may cause a loosen- 
ing and sloughing off of the hoofs, tips of ears, tip of the tail or a shedding 
of teeth and hair. This gangrene progresses and the affected parts shrivel, 
harden and finally drop away without pain. Affected animals gradually 
become more and more emaciated and death results. 

One of the early reports of gangrenous ergotism was by Eandall 
(in 1849), who called attention to this disease among cattle in New York. 
A number of serious outbreaks in Kansas, Missouri and Illinois were 
investigated by Salmon (1884), and it is worthy of note that veterinarians 
at first mistook the trouble for foot-and-mouth disease. In more recent 
years outbreaks have been reported in Iowa (1892), in horses in Montana 
1899), in Nebraska (1906), and forage poisoning due to Claviceps paspali 
has been investigated in Mississippi by Brown and Ranck (1915). In 
the latter case it was pointed out that the losses were not due to animals 
being killed by the poison directly, but largely through loss of control of 
the front legs, causing the animals to get down in the pasture and perish 
from lack of water and food, or to get down in the water at the edge of 
ponds and drown. 

Etiology. — Ergot of rye and other cereals as well as a number of wild 
and cultivated grasses is due to Claviceps purpurea (Fr.) TuL, an 
ascogenous fungus belonging to the Hypocreacem. This fungus produces 
three distinct stages in its life cycle: (1) the vegetative mycelium, which 
permeates and destroys the young ovaries and produces a conidial stage 
on the surface of the young fungous growth (the sphacelial stage); (2) the 
matured ergots or sclerotia^ which are dormant or resting structures for 
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carrying the pathogene through the winter period; and (3) the ascigerous 
stage, which is formed when the overwintered sclerotia germinate. 

The first infections of the season are supposed to originate from wind- 
blown ascospores. These reach the young ovary of an open flower, 



Fig. 178. — Claviceps pur^^urea. A, hypha with conidia; B, head of rye with several 
mature sclerotia; C, a germinated sclerotium with several perithecial stromata; D, section 
of a perithecial stroma showing the numerous peripheral perithecia; E, section of a single 
perithecium much enlarged; E, ascus with eight filiform spores; G, ruptured ascus with 
ascospores protruding; JEf, a single ascospore. (A, B, after Sirasburger; C-H, after Tulasne.) 

germinate and the resulting hyphie soon pervade the tissues of the ovary 
and destroy them, leaving nothing but a fungous growth which maintains 
the general shape of the ovary. The surface of this fungous body is 
channeled or thrown into numerous folds or convolutions covered with 
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short conidophoreS; which produce enormous numbers of hyaline, o\’'ate 
or sphseroidal conidia, 0.7 to 3.5 a£. During this formation of conidia there 
is a copious secretion of the honey dew/' noted under Symptoms, and 
this becomes filled with the conidia, which are detached from the conidio- 
phores and float out upon the surface. This sphacelial stage is visited 
by insects which carry the conidia away to other flowers and thus spread 
the fungus during the flowering period. The exudate is said to have a 
peculiar odor, which is accentuated by moist atmosphere, and for this 
reason farmers have said that ergot was caused by stinking fogs." As 
growth progresses, the development of conidia gradually ceases, first in 
the basal portion. Here the mycelium becomes gradually compacted, 
the structure thickens and the superficial hyphfe turn reddish and then 
violet colored. This change progresses gradually upwards until the entire 
sphacelial stage has disappeared, or a brownish remnant is left as the 
so-called ^^cap" or ^‘tip" at the end of the sderotium. The matured 
sclerotia on the host are cartilaginous, but later become dry and horny. 
These sclerotia either fall to the ground or are mingled with the grain and 
are returned to the field with the seed. While this is true for rye and 
various terrestrial grasses, Stager (1922) has shown that the sclerotia 
from certain grasses show special adaptations for dissemination. In Bra- 
chy podium sylmticum and in Calamagrostis epigeios, the ergots are dis- 
seminated by the same devices as the host seeds — by barbed awns in the 
former, and by a parachute or hair tuft in the latter. Grasses w^hich 
grow normally in wet or marshy places or along the banks of streams pro- 
duce swimmers" or ergots which will float on water, and can endure a 
long sojourn in water without decaying, while the ergots of strictly 
terrestrial grasses sink in water at once, and soon decay if kept immersed. 
The swimmers" owe their buoyancy to a greater content of air. 

After a resting period (under normal conditions during the following 
spring) the sclerotia which are lying on or in the soil germinate by the 
production of one to several stromata, each consisting of a slender, red- 
dish, pale-violet or whitish stalk or stipe surmounted by a reddish, flesh- 
colored or pale-fawn-colored globular head, the perithecial receptacle or 
sphceridium^ the surface of which is covered with minute elevations, the 
projecting ostioles of the perithecia, sunken throughout the entire periph- 
ery. The stipes are from to 1 inch in length, varying with the depth 
of the sderotium below the surface of the soil, and the capitate sphseridia 
are double their diameter. The perithecia are flask-shaped cavities, with 
walls scarcely different from the surrounding fungous tissue of the 
receptacle, and each opens on a surface papilla by a narrow ostiole. The 
perithecia are filled with curved hyaline asci, narrow below and above 
and broader in the middle, surrounded by hyaline, club-shaped periphyses 
which differ from the asci but little in form. Each ascus contains a 
fascicle or bundle of eight, slender, hyaline, needle-shaped spores, 50 to 
76 m long. 
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The ascospores are forcibly ejected from the asci and may then be 
carried upward by air currents (convection currents) or they may be 
swept away by the wind. It has been shown by Falck (1910) that when 
ascospores are expelled from stromata developed in a closed chamber 
they are projected for a distance of 2 to 8 centimeters and then are 
carried upwards still further by convection currents. He proved that 
under field conditions, with a still, moist air, convection currents could 
carry the expelled ascospores to the height of rye heads, and so ascospores 
could reach the flowers without the intervention of rain, insects or wind. 

Infection, whether primary from ascospores, or secondary and from 
conidia, can only take place during the flowering period of the host. 
The actual infection may be before pollination or even after fertilization 
has taken place, but only in the young condition of the ovary. The 
infection period is then relatively short for any single floret, but is pro- 
longed for the host as a whole by the successive maturing of different 
florets. It is evident that ascospores developed from the overwintered 
sclerotia are responsible for the first or primary infections. Even though 
the conidia of the sphacelial stage are known to preserve their infective 
power for 10 months if kept dry, they are not supposed to survive the 
winter under natural field conditions. Florets infected from ascospores 
produce honey dew and conidia after a short incubation period, and these 
may be carried by insects to other flowers and new infections may result 
as long as there are any flowers in the susceptible stage. A few primary 
infections with ascospores may, therefore, be suflhcient to cause general 
infection, provided conditions are favorable for the development of the 
sphacelial stage and the dissemination of the conidia. 

Sclerotia are able to germinate the season following their production, 
but it seems to be uncertain just how long they remain viable. One- 
year-old sclerotia appear to be unable to germinate unless they have 
been subjected to low temperatures. Zimmerman has shown that 2-year- 
old sclerotia, if they failed to germinate the first year, are still viable, 
whether kept dry or subjected to conditions favorable for growth. Frag- 
ments of sclerotia may germinate and those which fall in the field will 
germinate at the same time as those that are planted later. These facts 
have an important bearing on the introduction of ergot with contaminated 
"■seed. 

Predisposing Factors. — There does not seem to be a consensus of 
opinion as to the relation of climate to the amount of ergot infection, but 
the majority agree that it is favored by abnormally wet seasons with 
reduced amount of sunshine. These conditions are favorable for the 
germination of the sclerotia and for the production and dissemination of 
ascospores. If the weather is dry during the blossoming period, a small 
degree of infection is probable. Under such conditions the flowering takes 
place rapidly, and liability of infection is therefore much reduced. Any 
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conditions which prolong the duration of the flowering period or cause the 
glumes to remain open are conducive to ergot infection— for example, 
cool weather or poor stands which increase stooling. 

It is generally agreed that grasses in low, damp ground are more likely 
to be ergotized than those growing in dry soil. Ergot is frequently com- 
mon along stream valleys, on the north border of woods, on north hillsides, 
in protected coves and in shady places, since such localities favor the 
development of the ascigerous stage and the dissemination of the asco- 
spores. Ergot is frequently more severe in protected valleys which are 
free from the sweep of strong winds than in the open wind-swept plains. 
It has been noted that broadcasted grain is more subject to ergot than 
drilled fields, and this may be explained by the deeper seeding of uniform 
depth, which will shorten the flowering period and would probably bury 
the ergots too deep for the production of the perithecial stage. 

Host Relations. — In addition to various wild and cultivated grasses, 
Claviceps purpurea affects rye, wheat, oats and barley. It is the most 
common on rye and is only rarely of economic importance on the other 
cereals. It was common on wheat in North Dakota in 1921 and in France 
particularly in the province of Ain, in 1922 (De Monicault, 1922). It 
was first noted in Iowa on oats in 1911, but had been previously reported 
on that host in Algeria. It has recently been studied on oats in that 
country (Chrestian and Ducellier, 1922). Wild ryes appear to be more 
susceptible than cultivated rye, presumably because the glumes remain 
open for a longer time. The extension of the period of open spiklets will 
also explain why late rye is more ergotized than early seedings. Barley 
varieties show considerable variation in susceptibility and this is explained 
by the fact that they vary in possessing wide-open or more closed florets. 
Among the two-rowed barleys, the variety erectum, which rarely has open 
flowers, is very resistant, while Hannchen barley, with its numerous 
open flowers, is especially susceptible. 

The morphological species, C. purpurea, has been shown by Stager to 
include a number of specialized races /^ii|i L.bio logical species. He recog- 
nized the following: (1) the rye form, which also infects barley and 
various wild and cultivated grasses; (2) a form on Anihoxanthum odora- 
turn, which attacks rye and some other grasses but not barley; (3) a form 
on Brackypodium silvaticum, Milium effumm and several other grasses, 
which does not infect rye; (4) a form on Lolium perenne, English rye grass, 
which infects Bromus erectus and other Lolium species but not rye; (5) a 
form on Glyceria fluitans, which is confined to that species. A form on 
Poa annua, at first considered a biological species of C, purpurea, was 
later classed as a race of C. microcephala Tul. It seems probable that 
further study will yield still other physiological races. Recent work 
of McFarland (1921) points to the form on wheat, wheat grasses and rye 
grasses as belonging to the typical rye race. In addition to C. purpurea 
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and its races, Atanasoff (1921) lists 17 other species occurring mostly on 
wild grasses, but with several on rushes or sedges. 

Control. — Ergot is not a difficult disease to control if proper measures 
are applied. It is of first importance to select ergot-free seed, but if 
contaminated seed must be used it should be freed from ergot. Disin- 
fection by heat or chemicals is neither effective nor practical. Screening, 
sifting or fanning are not satisfactory, although many of the larger ergots 
may be removed by these methods. Complete separation is possible by 
sedimentation, in which a salt solution is used, the grain settling to the 
bottom and the ergots floating on the surface. A 20 to 32 per cent solu- 
tion of common salt has been recommended, 30 per cent being the strength 
used in Russia. A 32 to 37 per cent solution of potassium chloride has 
also been used. In either case the grain is stirred up in the solution and 
the ergots which float to the top are then skimmed off or decanted. The 
cleaned grain is at once washed in water and rapidly dried. Potassium 
chloride is given preference by some because it does not injure the seed 
and can be used as a fertilizer after the treatment. In addition, the follow- 
ing measures may be employed with some profit: (1) Clean out all sus- 
ceptible grasses from the vicinity of cereal fields or mow them before 
blossoming. Early cutting of meadows will prevent the completion of 
the sclerotia. The burning over of hay lands on which ergots have 
matured may be of value in reducing the disease another year. (2) Give 
attention to cultural practices, such as rotation of crops, deep plowing, 
uniform distribution of fertilizer and drill seeding rather than broad- 
casting. Rye should not follow rye if the soil has been contaminated by 
a previously ergotized crop, but a non-susceptible crop should be intro- 
duced in the rotation. A mixed early and late rye should be guarded 
against, as well as close planting of early and late varieties. Deep plow- 
ing and drill seeding will bury residual or seed-borne sclerotia so deep that 
either the sclerotia cannot germinate or the stromata will not be able to 
reach the surface. Drill seeding shortens the period of flowering and so 
lessens the chance of infection. (3) Make use of resistant varieties as 
far as practical (see Host Relations). 
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BLACK KNOT 

Plowrightia morbosa (Schw.) Sacc. 

This characteristic disease of plums and cherries is readily recognized 
by the black, elongated galls which appear on twigs and branches. It 
has been called plum wart, but black knot is the name most generally 
used. • . 
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History and Geographic Distribution. — Black knot was noted in Massachusetts in 
destnictive form over a hundred years ago (ISll); and since that time has been treated 
in popular and scientific literature. During the earlier years of its consideration two 
different ideas prevailed as to the origin of the knots: (1) that they were due to a 
diseased condition of the sap; (2) that they were the result of insect stings. The first 
intimation that the knots were of fungous origin was in 1843, wdien it was shown that 
the curciilio merely lays its eggs in young juicy tissues that are already diseased. The 
ascigerous stage of the pathogene had previously been described by Schweinitz (1821), 
but he appeared to regard the combined action of a gall fly and the fungus as the 
inciting cause of the hypertrophies. The idea of the insect relation was gradually 
abandoned as more attention was given to the fungus. The first complete account of 
the structure of the fungus was published Peck (1872), and a few years later 
(1876) Farlow presented a fuller account of the life history of the fungus which left 
little doubt as to its causal relation to the knots. Later studies, by Crozier (1885) 
Scribner (1890), Humphrey (1891, 1893), Halsted (1891), Beach (1892) and Lodeman 
(1894) added somewhat to our knowledge of the disease and considered its prevention 
or control. During recent years but little detailed study has been devoted to the 
disease. 

Black knot was especially abundant in the New England states when attention 
was first directed to it, and it is believed to be of American origin. It probably first 
affected wild species and spread from these to the cultivated varieties of plums and 
cherries. Whether the disease originated on the Atlantic seaboard and gradually 
spread westward is uncertain. There are some indications that it was present in 
western localities long before attention was directed to it. By 1879 there were reports 
that the disease had appeared for the first time in the vicinity of Cincinnati. While 
it spread westward it never became so common or so severe in the Middle West as on 
the Atlantic seaboard. The disease is rare in the regions west of the Rocky Moun- 
tains, except on wild species. It appears very abundantly on the native chokecherry 
(Prunus demissa) in Washington and adjacent territory, but does not attack cultivated 
species even when they are growing in close proximity to thickets of the wild host. 
During an experience of 10 years in Washington not a single authentic case of the 
occurrence of the disease on cultivated species has been brought to our attention. 
The disease is not known to occur outside of America. 

S 3 anptoms and Effects. — The black knot is first in evidence as a 
slight swelling of a twig or branch, either adjacent to an old knot or 
separate from it. While this swelling may sometimes be observed in the 
fall, it becomes conspicuous in the spring after growth starts and the bark 
soon ruptures and a straw-colored or light yellowish-brown, granular 
growth fills the crevices. As the season progresses the overgrowth 
becomes more pronounced and somewhat darker. In the late spring or 
early summer the smooth surface of these excrescences shows a pale-green- 
ish tinge at places and soon the entire surface becomes an olive green and 
appears covered with a velvet-like pile. This velvety surface soon 
disappears, the knot becomes darker and by late fall it has become per- 
fectly black. 

The knots vary in location, shape and size. They may appear on 
young twigs or on older branches up to about 2 inches in diameter, and 
may originate at any of the following places: (1) crotches of limbs; (2) at 
the union of the growth of consecutive seasons; (3) on fruit spurs; (4) at 
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the tips of twigs; and (5) in the axils of leaves or about an axillary bud. 
Some of the knots may be short Q4 to M inch), but they generally extend 
for some distance along a branch (several inches to a foot), and are more 
or less fusiform, although they may sometimes be nearly uniform in 
diameter for the entire length. Adjacent knots may sometimes fuse to 
form much more extended excrescences. Their diameter depends largely 
on the size of the structure on which they form, so they may be only a 
fraction of an inch or 1 or 2 inches in diameter. It is typical for the knot 
to be confined to one side of the twig or branch, yet at times the branch is 


completely encircled. The affected structures may be straight or curved 
or even thrown into more or less of an irregular spiral. If knots are 
formed at the forking of branches, they generally extend along both 
branches and also down on the main axis. 

In a tree in which the disease has been allowed to run its course undis- 
turbed for a number of years the following should be found if the tree is 
examined in June: (1) young excrescences developed during the spring 
growth; (2) old knots that matured during the early spring; and (3) old 
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knots developed during previous seasons, which are likely to be more or 
less eaten by insects and are frequently infested with saprophytic fungi. 
Some of the new knots may be extensions of old ones rather than repre- 
senting new infections. The character of the injury may be expressed 
as follows: 

Small twigs are frequently killed outright, for in them the disease soon cuts 
off all communication between the parts above and those below the affected 
portion. Large limbs do not succumb so rapidly. The disease gradually 
extends from year to year and it may be a long time before the death of the parts 
beyond takes place, for such, with possibly rare exceptions, is the result which 
eventually follows the appearance of the trouble (Lodeman, 1894). 

Black knot has been an important factor in the production of plums 
and cherries, especially east of the Alleghenies and from North Carolina 
to southern Ontario and Maine. 

In some parts of New England, particularly in Maine and along the seacoast, 
the raising of cherries has been almost abandoned in consequence of the ravages 
of the black knot. An idea may be formed of the small crop of plums now raised 
in New England from the fact that $2.50 was given in Boston for a peck of 
Damsons for preserving (Farlow, 1876). 

The economic importance of the disease at a later date in New York 
may be judged by the fact that the Western New York Horticultural 
Society in 1892 passed resolutions including the ^ demand that the 
Legislature of the state shall, without delay, enact such a law as shall, in 
its enforcement and execution, thoroughly and effectually exterminate 
that infectious and incurable disease known as the black knot’^ (Beach, 
1892). It is also stated that the growing of cherries was nearly 
abandoned in North Carolina about 1906, because of the ravages of 
black knot. 

Etiology. — This disease is caused by an ascomycetous fungus which 
produces at least one conidial stage when the young knots appear velvety 
and olive green, and an ascigei'ous stage in the surface of the black matured 
knots. The pathogene was first named Sphceria 7norbosa by Schweinitz 
in 1821, and some other generic names were proposed later, but none 
came into general use until Saccardo assigned the fungus to the Dothidi- 
ales and called it Plawrightia morhosa (Schw.) Sacc., by which name it has 
been known until recent years. Some differences of opinion have arisen 
as to its real relationship, as witnessed by the recent assignment to a 
newly recognized order, the Pseudosphaeriales (Theissen and Sydow, 1918), 
in which it appears as Dibotryon morbosum (Schw.) T. & S. More 
recently it has been assigned to the Melogrammatacese and the genus 
Botryosphseria (Sorauer, fourth edition, 2: 328-330, 1921). The causal 
relation is based largely on the presence of the mycelium in the young 
knots and on the perennial nature of the infections. Aside from the early 
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statement of Farlow (1876) that we have made direct experiments to 
show that the spores of the knot on the chokecherry will germinate and 
produce the knot in healthy plum trees/ ^ successful inoculations have not 
been reported. With our present information there are several blanks in 
the life history of the pathogene, the part played by the different spore 
forms, and the exact time and manner of infection being based on 
observational data. 



Fig. 180 . — Plowrightia morbosa. a, habit sketch,* h, section of stroma and perithecia; 
c, conidiophores from the surface of a young knot with several conidiophores and spores more 
highly magnified; d, section of a single perithecium, as ascus and paraphyses, and several 
ascospores germinating. {After Longyear.) 

Knots may be primary ^ that is, the direct result of infection from 
spores, or secondary ^ due to the invasion of new portions by the mycelium 
that is already present in the tissues. Mycelium comes to be present in 
the cambium, and when growth starts, the cells are stimulated to an 
abnormal activity and both wood and bark are affected. The mature gall 
is a complex of disarranged cells, the wood and bark undergoing about 
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proportional increase in thickness. According to Stewart (1914)V the 
cambium retains its normal position between xylem and phloem, except 
opposite the broad medullary rays, where it may be broken up and pushed 
out into the cortex, and then give rise to isolated xylem elements or 
groups of xylem cells. Many of these misplaced xylem elements are 
scalariform tracheids, while the normal wood produces only pitted ele- 
ments. The mycelium grows outward in bundles or strands following the 
medullary rays (Farlow, 1876) and finally forms a stromatic layer, or 
pseudoparenchyma, of closely aggregated fungous cells which occupies the 
surface. At this time the knots are solid but rather fleshy or pulpy. The 
stromatic layer soon becomes covered with a dense coating of brownish, 
erect, septate conidiophores (May and June) which give the velvety 
appearance noted under Symptoms. The conidiophores are 40 to 60 by 
4 to 5/x, simple or sometimes branched and produce terminal or lateral, 
brown, continuous, ovate conidia, about 6^ long. The conidiophores are 
generally somewhat flexuous, and may become geniculate due to the 
extension of the terminal cell beyond the point of origin of the conidia. 
The conidia are very easily separated from the points of attachment and 
a copious production follows until about midsummer. Prom their 
position and powdery character they are admirably suited to wind 
dissemination. 

Even before conidial production has ceased, the primordia of perithecia 
have been forming beneath the conidiophores, their position being indi- 
cated by minute hemispherical protuberances, visible with a hand lens. 
As summer passes, the conidiophores dry up, the surface papillae become 
more prominent, the knots become harder and more brittle and assume 
the characteristic black color of the mature galls. During this time 
internal organization of the perithecia is proceeding, but maturity is not 
reached until nearly spring. The asci grow slowly during the winter 
months, the actual time of maturity varying with the temperatures. 
Farlow found mature ascospores in abundance in February, but observa- 
tions as to the exact time when they are discharged seem to be lacking. 
Each perithecium seems to be a single, ostiolate cavity within a stroma- 
like aggregate of fungous tissue which makes up the body without any 
well-defined wall. Each locule or perithecial cavity is filled with asci 
and sterile, filiform, non-septate filaments with slightly enlarged tips. 
The asci are about 120m in length and contain eight, hyaline, one-septate 
spores, the lower cell being uniformly shorter and narrower than the 
terminal cell. The ascospores are obliquely uniseriate or irregular in 
arrangement and measure 8 to 10 by 16 to 20^. Under suitable condi- 
tions of moisture and temperature the mature ascospores are able to 
germinate in 1 to 5 days. One or more hyphse may grow out from the 
large cell and none or only one from the small cell. 
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Farlow (1876) described three types of pyenidia wliicli lie found 
mingled with perithecia: (1) one with yellowish septate sporesj since 
named Hendersontda morbosa by Saccardo; (2) a Phomadike form with 
hyaline spores liberated in tendrils; and (3) a Phomopsisdike type, which 
he called spermogonia. Humphrey (1891) later described a pycnid with 
single-celled brown spores which he thought belonged to the black-knot 
fungus but he was unable to reproduce the disease by inoculations made 
with these spores from pure cultures. Some or all of these pycnidial 
forms are either saprophytic on the old knots or possibly parasitic on the 
black-knot stromata. 

It is the prevailing opinion that infections, whether originating from 
conidiospores or from ascospores, take place soon after the dissemination 
of these reproductive bodies, since they are capable of immediate germina- 
tion. Lodeman (1894) showed that in certain cases the external cork 
layer may be interrupted by a fissure leading into the cortex in the axil of 
a branch, and expresses the opinion that infection takes place through 
such fissures or at some other points where the external cork layer is poorly 
developed. However infection takes place, the formation of a knot 
apparently does not begin until the mycelium of the pathogene reaches 
the cambium. In most cases it seems that cambial activity has subsided 
or is at a low ebb by the time the mycelium reaches the cambium, and 
consequently only a few of the knots become evident in the fall following 
the time of infection. These, however, grow rapidly in the spring and 
produce the conidial stage and later the perithecia w^hich are mature and 
ready for ascospore dissemination in the spring of the next season. 

Host Relations.— The black-knot pathogene attacks various species 
of plums and cherries. It is especially in evidence on many wild species, 
but is sometimes noted on one species when an adjacent species, perhaps, 
with interlocking limbs remains free, and wild and cultivated species may 
be in proximity without both becoming infected. Stewart (1914) records 
that ^^the chokecherry and wild plum (P. americana) are infected in the 
vicinity of Madison, Wis.,’^ and further states that the wild black cherry 
sometimes growing in thickets of badly infested chokecherries remains 
free from knots. Reference may be made again to the conditions in the 
Pacific Northwest, where the native chokecherry {Primus demissa) is 
very generally affected, while cultivated plums and cherries remain free 
from the disease. The probable explanation for this behavior is the 
existence of biological species or strains that have become so adapted to 
certain hosts that they are unable to infect others. Farlow (1876) called 
attention to the fact that no morphological difference could be detected 
between the fungus on the cherry and the one on the plum. 

The opinion has been expressed that there is no variety of cultivated 
plum that is not subject to the disease. Farlow (1876) believed that the 
disease spread from either the bird cherry (P. pennsylvanica) or the 
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cliokecherry (P. virginiana) to the cultivated plums, since these species 
are common in the vicinity of Boston, while the wild plum is very rare 
there or does not occur at all. 

The Trifloras are said to be affected less than any other group of plums, and 
the Institias rank next in immunity, although the Damson is said to be very 
susceptible. On the other hand, the Domesticas are susceptible, except possibly 
the Middleburg and Palatine, which are relatively free from black knot (Hesler 
and Whetzel, 1917). 

In general, cherries are reported to suffer less than plums, although 
their behavior seems to vary with the environment. ■ In Ontario, cherries 
are said to suffer more than plums. Sour cherries, especially the English 
Morello, are very susceptible to black knot, while the Mazzard comes next 
(Parlow, 1876). Sweet cherries are so resistant that they are seldom 
infected, although a few cases have been recorded. 

Control. — The practices which have been recommended for the 
elimination or control of the disease are: (1) the cutting out of groups or 
thickets of wild cherries or plums adjacent to cultivated orchards; (2) 
surgical treatment of affected cultivated trees; (3) spraying to prevent 
new infections. The need of removing the wild hosts will vary with the 
environment, since in some localities they are not a menace to the culti- 
vated species. Whenever it is known that the disease is passing from the 
wild hosts to the cultivated species, other attempts at control will be 
partially nullified if infected wild hosts are allowed to remain nearby. 

In the treatment of cultivated trees several features should be kept 
in mind: (1) that the fungus is perennial in affected branches and extends 
beyond the external evidences of the knots; (2) that conidiospores are 
matured when the young knots show the olive-green velvety coating; (3) 
that ascospores are matured early in the spring on old knots; (4) .that 
spores are said to ripen on the brush pile. The objective in surgical 
treatment is, first, to remove all of the perennial mycelium so that second- 
ary knots cannot be formed from its extension, and, second, to remove 
and destroy the knots previous to the liberation of spores in order to 
prevent new infections. If pruning is started in time, the sacrifice of the 
affected parts will not seriously thin out the branches. The cuts should 
be made several inches below the external evidence of the knots, and the 
prunings should be collected and burned. The knots should be removed 
when they show yellowish brown in the spring, that is, before the conidia 
have matured. A second inspection should be made in the fall and any 
knots that have been overlooked should be cut out, but special emphasis 
is to be placed on thorough work in the spring. If the trees are gone over 
carefully twice previous to the formation of the conidia, few knots should 
escape. In regions in which outside sources of infection can be largely 
eliminated, pruning alone should serve to hold the disease in check or to 
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eradicate it. The neglected orchard is a menace, but in many states the 
painstaking orchardist is protected by legislation for the suppression of 
the black knot, and inspectors should have no hesitation in enforcing such 
laws as do exist. 

In environments in which surgical treatment is not effective the 
grower is left the alternative of spraying or of giving up the growth of 
susceptible trees. The latter has happened in a number of cases, but 
it has been shown that spraying will very greatly reduce infections. In no 
case should main reliance be placed on spraying, since at its best it must 
be considered supplemental to the surgical treatment. The recommenda- 
tions for spraying are based largely on the work of Lodeman (1894), who 
suggested the following applications of Bordeaux: (1) during late 
March or early April; (2) when buds are beginning to swell; (3) during 
the latter part of May, or when the new knots begin to show the velvety 
coating; (4) two or three subsequent applications at suitable intervals. 
While this treatment did not give perfect control, the number of new 
knots in test plots was reduced from 2000 to 165. It should be realized 
that these recommendations rest on very meager experimental results, 
and that carefully controlled tests are needed. It would seem that more 
certain knowledge as to the time when infections occur, coupled with the 
use of stickers as employed in modern spraying, should increase the 
effectiveness of the applications and perhaps make possible a reduction 
in their number. 
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APPLE SCAB 

Venturia inmqualis {Cke,) Wint. 

The disease of the apple known as scab manifests itself upon either 
leaves, blossoms or fruits and sometimes appears on the young or 1-year- 
old twigs. It causes a spotting, discoloration or distortion of both fruit 
and foliage, but it is never directly responsible for a rotting of the fruit. 
It is the fruit attacks which cause the serious and frequently enormous 
losses. ' 

The disease is also referred to as apple scab, scurf, black spot, black- 
spot fungus, Tasmanian black spot, black-spot scab and rust. The 
latter is probably derived from the German name, “Rost flecken,” and 
should never be used, since there is a true rust of the apple (see p, 740). 
“Black spot” is the name most used in England, Australia and South 
Africa, while “scab” is the common name most frequently employed in 
America. It is apparently the production of scab-like spots on the fruit, 
which suggested the common name. The disease should not be confused 
with the scab diseases of other hosts, which are produced by entirely 
different organisms. Mention may be made of the common scab of 
potatoes due to bacteria, powdery scab of potatoes caused by a slime 
mold and citrus scab and peach scab, two entirely distinct fungous 
diseases. 

History. — Scab has been known to botanists since the first part of the nineteenth 
century, and the causal organism was first described and named by Pries in Sweden in 
1819. It was first reported in Germany by Wallroth in 1833. Schweinitz gives the 
first authentic record of the disease in America, recording its presence in New York 
and Pennsylvania in 1834, while Curtis mentions it as common in North Carolina as 
early as 1867. The earliest report from England seems to have been that of Berkeley 
in 1855. Experiments on the control of the disease in America were started under the 
direction of Galloway of the U. S. Department of Agriculture in 1886 and 1887, and by 
1891 Bordeaux mixture w^as reported to be the most efficient fungicide. Since that 
time the disease has been treated by numerous writers and a voluminous literature 
has accumulated. In 1914 Morris listed 505 different publications dealing with some 
phase of scab. Much of the published material added but little to our knowledge of 
the disease, the bulk of the work being empirical tests of various fungicides, or merely 
spraying demonstrations. Several of the more important researches which contrib- 
uted to the advancement of our kno^vledge were the work of Aderhold in Germany 
(1894 and later) and of Clinton in Illinois (1898). Both workers demonstrated the 
presence of an overwintering stage of the scab fungus on the fallen leaves, and made 
other additional contributions to the life history of the causal organism. Bordeaux 
continued to be the standard fungicide for scab for many years, but in 1008 Cordley 
first reported the successful use of lime sulphur, and this soon came into general use in 
Oregon and Washington, while, its value in the East was established by the work 
of Wallace in New York (1909-191;1) and by Scott for the U. S. Department of 
Agriculture (1009-1911). Since that time lime sulphur has come into general use for 
the' scab disease, except ifi regions where it causes serious injury, and the use of 
Bordeaux has been very largely discontinued. The most recent comprehensive 
account of the scab disease is that of Wallace, which appeared in 1913. Within the 
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last few years dusting, wliicii in earlier trials was unsuccessful, has given nearly as good 
control as liquid spraying (see Control). 

Geographic Distribution.— Apple scab is prevalent in severe form in all the 
European countries where the apple is grown and has been sufficiently severe in 
Australia, New Zealand and South Africa to demand control measures. It is prob- 
ably of foreign origin and occurred on the wild parents of the apple, accompanying 
that host ever since it has been under cultivation. It undoubtedly came to America 
from some European importations. At the present time scab is present in all the 
states from the Atlantic to the Pacific as well as in British Columbia and the eastern 
provinces of Canada. The importance of the disease may be evidenced by the fact 
that nearly all of the Agricultural Experiment Stations in the northern half of the 
United States have issued one or more bulletins dealing with the character of the 
disease and its method of prevention. It is undoubtedly the most serious apple dis- 
ease in the northern portion of the United States and southern Canada, while other 
diseases like bitter rot and blotch replace it somewhat in importance in the southern 
range. In the earlier days of Nebraska orcharding, the scab disease of apples was 
absent and horticulturists at first believed that the mecca for apple growers had been 
found, but the disease soon appeared and developed with its customary virulence. 
None of the important apple sections east of the Rockies are now free from the disease, 
the region of severest infections including eastern Nebraska, Iowa, northern Illinois, 
Indiana, Ohio, southern Minnesota, Wisconsin, Michigan and Ontario, Pennsylvania, 
New York and the apple sections of the New England states as well as Nova Scotia. 
The disease manifests unusual severity in the humid coast regions of the Pacific 
Northwest, including Oregon, Washington and British Columbia, but is somewhat 
more variable in its occurrence in the Inland Empire country of Washington and 
Idaho. It is severe in the famous Bitter Root Valley of Montana at an elevation of 
3000 to 4000 feet. Scab also finds favorable conditions for its development in the 
mountain sections of the southern states, especially Virginia and Arkansas. There 
are but few important apple-growing regions in the United States in which scab is 
either absent entirely or present in such slight amounts as to render control measures 
unnecessary. The most important of these favored regions are the famous Yakima and 
Wenatchee valleys of central Washington. In both of these regions the growers have 
not yet found it necessary to spray for scab. Cultural practices and climatic condi- 
tions in these irrigated valleys have been unfavorable for the spread of the scab 
disease, and it seems probable that the trouble there will never become an important 
factor in apple production. 

Symptoms. — Scab upon the leaves may show definite," more or less 
circular spots which are brownish or gray in the early part of the season, 
but later, at least under favorable conditions, may become even olive 
green or nearly black. These spots when young frequently show the 
radiating dendritic ramifications of the scab fungus, easily visible with a 
hand lens. Later in the season the scab spots on leaves not affected suffi- 
ciently to fall from the tree may show considerable thickening of the leaf 
tissue, the brown, velvety surface becomes smoother and dull and occasion- 
ally dead areas drop out leaving irregular perforations. Under certain 
conditions the fungus spreads diffusely over the surfaces of the leaves, 
causing a rather uniform brown coloration. When the scab spots are 
abundant or when the diffuse form is severe there may be more or less 
reduction in the size of the leaves, with curling and distortion. In the 





•A normal apple and others variously spotted, deformed or atrophied as a result 
of a severe attack of scab. 
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Fig. 181. — Apple leaves showing heavy scab infections, diffuse or spreading type on the 
left, localized spots on the right. {After Wallace^ Cornell Univ, Bui. 335.) 
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severe diffuse type much leaf tissue is killed and the affected leaves or 
portions of them may appear as if scorched or burned. In some cases an 
entirely different symptomology may be noted, the' affected trees often 
showing much yellow foliage. The leaves may be gradually shed and a 
partial or almost complete defoliation may result. Some of the affected 
leaves will be of a uniform yellow color, while others may be more or less 
variegated with yellow, brown and green. The scab fungus may be found 
on the isolated green spots, the affected spots showing a conservation of 
the chlorophyll. The diseased areas may appear on either surface of the 
leaves, but the earliest infections are most frequently upon the lower 
surfaces. 

The scab lesions on the fruits first show as small, more or less raised, 
brown or black, somewhat circular spots with no break in the skin. As 
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Fig, 183. — Apples with large scab lesions showing deep cracks. 

they increase in size the cuticle ruptures and the exposed surface shows a 
brown or almost black velvet-like appearance surrounded by an irregular 
whitish band, which represents the frayed and torn cutifcle. In this 
condition, which is generally reached by early July, the surface of the 
fruit lesions has much the same appearance as the leaf spots. As the 
fruit develops, the spots increase slowly in size and the central and older 
part may become bare and brown and show a more corky character, while 
the dark peripheral zone and the band of cuticle still persist. Still later 
in the season the cuticular band may disappear entirely, and the whole 
scab lesion becomes slightly raised, and shows a rough corky surface, not 
at all resembling the early or midseason appearance. Scab spots may be 
few in number or they may be sufficiently numerous to coalesce and form 
extended lesions. Severe infections are likely to cause more or less 
cracking of the fruit. 

The above is the normal or typical development of the scab spots. 
In late-autumn infections they are generally darker, being dense and 
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black, and do not break through the cuticle as soon as the early infections. 
These autumnal lesions seldom reach the stage of development when the 
center becomes bare and brown, and they are frequently much smaller 
than the spring infections. For this reason the spots of this type are 
sometimes designated as “pin-point scab.'' Apples which are apparently 
free from scab when they go into storage sometimes develop infections of 

the pin-point type. These spots may 
remain covered or in some cases break 
through the cuticle and expand some- 
what. Storage scab may result from 
incipient infections that were too 
small to be seen at picking time, or 
there may be new infections during 
storage from conidia originating from 
some of the older scab spots. 

Scab lesions may occur on the 
blossoms during favorable years. 
These appear generally on the ped- 
icels, calyx or the young fruits about 
the time the petals fall. There may 
be single, small lesions or the diffuse 
type of infections may predominate. 

Scab spots may appear bn the 
twigs, being confined to the bark of 
1-year-old shoots. Twig infections 
were formerly considered rare for the 
apple in America, but they have been 
observed in Maine, New York, New 
Jersey, Nova Scotia, Washington and 
Montana. Young lesions on the twigs 
are very similar in appearance to 
those on the fruits, showing the 
central spore surface bordered by the 
uplifted epidermis. Later in the sea- 
son the spores may disappear and the 
bark show a more scaly character; due 
to the peeling of the bark in flakes. 
This type of injury is more common on pear twigs than on apple and has 
been called “grind or scurf" by German writers. The twig lesions may 
be few and scattered and thus may be easily overlooked, or they may be 
so numerous as to coalesce and produce more extended affected areas. 

Effects. — Scab offers an illustration of a disease which can cause a 
serious loss without endangering the life of the tree. This is due to a 
lowering of both quality and quantity of the commercial product, the 


Fig. 184. — One-year-old apple sprouts 
showing numerous scab lesions. 
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fruit. The injury may be current, that is, affecting the immediate |3rodiic- 
tion, or it may be in part delayed til! the season following a serious 
epiphytotic. 

As a result of the foliage attacks there may be more or less defoliation. 
Many leaves showing severe scab or the diffuse type or numerous distinct 
lesions fall from the trees in early summer. Many of the affected leaves, 
however, persist through the growing season, but they are only partially 
effective in carrying out their normal work of food manufacture, since 
their producing power is lessened in proportion to the amount of tissue 
(surface area) killed by the scab fungus. Severe diffuse forms of scab 
may kill extended areas of leaf tissue and in epidemic years many leaves 
appear as if scorched or burned. Severe foliage infections must, therefore, 
have a pronounced devitalizing effect by lessening the available carbohy- 
drate food, and influence to some extent ^Hhe formation of fruit buds for 
the following year and hinder the normal wood growth which is the basis 
for future cropsd^ 

It is by direct attacks on blossoms or fruit that scab takes its largest 
toll. Severe infections on blossoms, fruit pedicels or young fruits cause a 
complete blighting or dropping of the fruits while still very small. Since 
this phase of scab is more obscure than the others, and thus escapes their 
notice, orchardists frequently attribute this failure to set fruit to adverse 
climatic conditions, such as frosts or cold rains during blossoming time. 
Authentic cases are on record in which the apple crop was a complete 
failure due to the destruction of blossoms and young fruit by scab, but 
such a wholesale destruction is not very common even in unsprayed 
orchards. In ordinary scab years, however, the standard spraying 
practices increase the set of fruit, showing that the disease is nearly 
always causing some blighting of blossoms and young fruit. 

Fruits that escape the early severe attacks may persist on the trees 
through the growing season, though exhibiting one to numerous lesions. 
According to the degree of infection, the affected fruits ma^/be reduced in 
size or variously deformed, but even though normal size rhay be attained 
the presence of the scab lesions is a disfiguring feature which cannot be 
overlooked. In the fall there may be a premature dropping of scabby 
fruit, but it is difficult to say just how much of the drooping is due to scab. 
Fruits which show large lesions, or numerous ones which coalesce, fre- 
quently develop rather deep cracks or fissures extending into the pulp. 
These are especially pronounced in such susceptible varieties as the Early 
Harvest and McIntosh. All infected fruits must be sorted out and 
placed in a lower grade and sold for less than the clean fruit. 

The effect of scab on the keeping qualities of the fruit must not be 
overlooked. Scabby fruit shrivels in storage faster than normal fruit, 
since the breaks in the skin caused by the fungous lesions increase the 
water loss. The losses from rotting are increased by scab, since the 
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lesions offer easy avenues for the entrance of rot-producing fungi (soft 
rots due to Penicillium, Alternaria, Botrytis and Rhizopus; also pink rot 
due to Cephalothecium roseum ) . Cases are on record in which the develop- 
ment of scab in storage has caused heavy loss, since it made necessary a 
resorting and packing. The careful culling out of infected fruits at 
packing time is an added burden and expense to the grower. 

Losses from Scab. — The aggregate loss from scab each year is enor- 
mous and even on the most conservative estimates runs into millions of 
dollars. The loss to be charged to scab is due to: first, the reduction in 
the total yield of the country; second, the lowering of quality and conse- 
quently a reduction in the financial returns to the orchardists; and, third, 
to the increased cost of production due to the necessity for carrying out 
control measures and the increased labor of sorting and packing. Spray- 
ing is not a perfect control of the disease and besides there are many small 
home orchards in which spraying is not practiced. It has been estimated 
that there is an average annual loss of more than $40,000,000 as a result 
of failure to spray apples. Of course, this should not all be charged to 
scab, since other troubles like blotch, bitter rot, rust, etc. are also con- 
trollable by spraying. 

A number of specific instances will serve to emphasize the loss from 
scab and show the necessity for practicing the known control measures. 
It is estimated that the average annual loss from scab in New York State 
is not less than $3,000,000; that the damage done in Illinois ampunted to 
$6,000,000 in a single year; that there was a loss of 15 per cent of the crop 
in Montana in 1911 and 1912; while $48.50 per acre is given as the average 
annual loss in Australia. A loss of $47 per acre has been estimated as 
a result of failure to spray for scab in New York State, while Minnesota 
records place the loss for that state at $51.40 per acre. Figures of this 
sort should serve as an incentive to induce growers to take more pains in 
the work of control. 

Etiology.— Scab is due to an ascomyeetous fungus, Fcnifujva 
(Cke.) Wint., lives as a parasite on the leaves, twigs and fruits of 

the apple (the imperfect or Fusicladium stage), and completes its life 
cycle as a saprophyte (the perfect, perithecial or V enturia stage) upon the 
dead and fallen leaves of the same host. 

All of the publications on scab in America dealt entirely with the 
parasitic or Fusicladium stage {Fusicladium dendriticum) until the work 
of Clinton in 1901, when attention was directed to the saprophytic stage 
on the overwintering leaves, and the connection between the two defi- 
nitely established. The connection had long been suspected (as early as 
1887), but definite proof of the relationship was first published in 
the exhaustive researches of Aderhold in 1894 and later. The earlier 
work of the German botanists was at first overlooked and the conclusions 
of Clinton were arrived at without a knowledge of their discoveries. The 
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work of Clinton and Aderhold has been confirmed and extended by other 
observers in this country and in Europe. Some of the most important 
facts which have supported the relationship of the two forms are as 
follows: 

1. The constant association of the perithecia with leaf lesions known 
to represent the parasitic stage during the previous season. 

2. The development of the Venturia mycelium within the fallen leaves 
directly from the stromata of the Fusicladium stage. 

3. The typical Fusicladium stage resulting from artificial inoculations 
made with ascospores. 

4. Production of typical Fusicladium mycelium and characteristic 
summer spores of the scab from cultures started from ascospores on 
artificial media. 

5. Production of perithecia of Venturia in artificial cultures originat- 
ing from the Fusicladium stage. 

6. The relation of the first spring infections of scab to the period of 
expulsion of the ascospores. 



Fig. 185. — Conidial stage oi Venturia inmq%i<dis. Section from the edge of a fruit 
lesion, showing ui)lifted cuticle, fungous stroma, conidiophores and conidia. {After 
Wallace, Cornell Univ, BuL BBS,) 

The mycelium on the leaves is at first nearly hyaline, subcuticular and 
develops radially with a characteristic dendritic branching which suggests 
the specific name applied to the conidial stage. This mycelium later 
develops one or more layers of closely aggregated cells, forming a stroma- 
like growth which breaks the cuticle and permits the production of 
numerous erect conidiophores exposed to the surface. The older myce- 
lium and conidiophores are brownish and the numerous spores and 
conidiophores give the scab spots a powdery or velvety appearance and 
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an olivaceous or almost black color. On the fruit the stromatic cushions 
of mycelium frequently completely destroy the epidermal cells and 
extend deeper into the pulp tissue. The conidiophores are short, erect, 
straight when young, but more or less fluxuous with age, olivaceous and 
continuous or one or two-septate. The conidia are lanceolate or ovate, 
with the base generally somewhat truncate, continuous or more rarely 
one-septate, 12 to 22 by 6 to 9/i, and are produced in indefinite numbers 


Fig. 186. — Section of a perithecium from an overwintered fallen leaf. {After Wallace, 

Corndl Univ. Bui, 335.) 

from each conidiophore. The conidia are so easily detached from the 
conidiophores that only young spores remain attached when material is 
studied by means of dissections or sections. 

While the conidial or Fusicladium stage is produced on all parts of the 
host, the ascigerous or perithecial stage is formed only on the fallen 
overwintering leaves. The mycelium develops as a saprophyte on the 
dead fallen leaves, and penetrates into the mesophyll from the superficial .# 


DISEASES DUE TO THE SPHERE FUNGI AND ALLIES ' , 577 


stromatic layers. The perithecia appear mostly on the under surface as 
minute black dots or pimples barely visible to the naked eye; but are really 
spherical or subspherical bodies 90 to lOO/u in diameter embedded in the 
leaf tissue and protruding on the surface as minute dome-shaped pimples. 
The mature perithecium is ostiolate and the short beak is generally 
armed with several short bristles; the wall is dark and composed of 
several layers of cells; and each produces an indefinite number of oblong 
spatulate asci or spore sacs 55 to 75 by 6 to 12/^. The asci are eight-spored, 
the ascospores two-celled, 11 to 15 by 5 to 7/x, olive brown, with the upper 
cell wider than the lower cell. Paraphyses are lacking. 

The perithecia on the fallen overwintered leaves begin their develop- 
ment in the fall and early winter and form the first mature ascospores 
about the time the apple blossoms show pink, but generally before the 
petals have opened. The spores are forcibly expelled following the warm 
spring rains. Each ascus elongates, protrudes its tip through the ostiole, 
bursts with the forcible expulsion of its spore content and then the process 
is repeated by other asci until all the asci are discharged. The period of 
ascospore expulsion varies in different localities. On the Pacific Coast 
the first expulsion occurs in late February or early in March and dis- 
charge continues for about 3 months before all the perithecia are exhausted. 
This means that ascospores are expelled before the foliage has even 
started. In the eastern United States (New York) ascospore expulsion 
does not begin so early and according to available data does not continue 
for much longer than 1 month. Recent studies of ascospore discharge 
in Delaware (Adams, 1925) and in Virginia (Schneiderhan and Fromme, 
1924) have shown conditions more comparable to those of the Pacific 
Coast. Spore discharge begins very soon after the beginning of rainfall. 
In Virginia, in 1922, 16 discharge periods were recorded, beginning on 
Apr. 18 and ending June 12, while in 1923 there was a total of 13 discharges 
from Apr. 28 to July 30. The studies in Delaware emphasize the great 
variation in the time of initiation of spore discharages and the length of 
the period during which discharge continues. For example, in one 
locality discharge began about May 19 and continued for little more than 
a month, while in a test made in another county during the same season 
the discharge began on Mar. 28 and continued into the month of June. 
Studies in Wisconsin have shown, in general, a shorter duration of spore 
discharge more comparable to the New York experiences: At Madison 
beginning Apr. 23 and ending June 12, while at Sturgeon Bay the first 
ascospores were discharged on May 20 and the last on June 30 (Keitt, 
1921). The time of ascospore discharge has a bearing on the success of 
spraying. Recent studies have emphasized that it is impossible always 
to time scab sprays correctly. According to Adams (1925), although 
conditions favoring spore discharge are beyond one^s control, they can be 
predicted to a certain extent. '^However, it is not possible or practical 
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to attempt spraying on the prediction of weather conditions that may 
favor all periods of possible spore discharge.” Ascospore expulsion is 
controlled by moisture and temperature conditions, and consequently we 
may expect variations in different regions. While it is a common thing to 
find abundant discharge of spores about the time the blossoms show pink, 
activity may begin earlier or it may even be delayed until after the 
blossoms have opened. In regions or seasons of early spore expulsion, 
scab is likely to be severe, while a delayed expulsion may lessen the 
amount of the disease that develops. 

The expelled ascospores are carried upward by wind or air currents 
and reach the young leaves or blossom buds and produce the first infec- 
tions after a period of incubation. These are the primary infections and 
they soon give rise to conidia which may be scattered to other host parts 
and give rise to secondary infections. 

Infection from ascospores is not generally very severe in itself, but 
these primary lesions furnish conidia which may cause very abundant 
secondary infections on fruit and leaves. Primary or secondary lesions 
may furnish conidia throughout the growing season and new infections 
may result whenever moisture and temperature conditions are favorable, 
but it should be understood that young leaves and fruits are much more 
readily infected than older and more mature structures. 

Late infections may develop during some seasons and they are likely 
in those regions of abundant rain or fog and moderate temperatures. 
Apples that were free from scab at the time of picking but were taken from 
scabby orchards may develop infections after they go into storage. It 
seems probable that infection occurred in such cases in the orchard, and 
that the incubation period had not expired at the time of picking. 

The life history of the scab fungus may be summarized as follows: 

Scab infected leaves fall to the ground in the autumn, and the over- 
wintering structures, the perithecia, develop witliin the leaves from a 
saprophytic mycelium which originates from the superficial strornatic 
cushions. The perithecia mature their ascospores in the early spring, 
and these are forcibly expelled following the warm spring rains and pro- 
duce the first or primary lesions which soon produce conidia; these conidia 
are scattered by wind or rain and produce secondary infections, and these 
secondary lesions are, in turn, the source of other conidia, from which still 
other infections may arise. 

The part which twig infections play in carrying the fungus through the 
winter period is rather uncertain. There is some evidence that in the 
milder climates twig lesions may resume spore production in the spring, 
but all evidence points to the ascospores as the important source of the 
primary spring infections in most scab-infested regions. 

Predisposing Factors. — The abundance and the severity of scab in 
any locality are dependent on the proper combination of climatic condi- 
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tions. In general, it can be said that cool, moist weather is favorable, 
while higher temperatures are unfavorable, even though moist conditions 
prevail The relatively high spring temperatures and bright sunshine of 
some of our important apple districts, like the Yakima and Wenatchee 
valleys of Washington, are probably the principal factors which have 
excluded scab. Following a cool rain period any conditions which favor 
retention of moisture are favorable to infection. Showers followed by 
winds are unfavorable, since the moisture evaporates rapidly and asco- 
spores may be swept away. Showers in the evening followed by a calm 
night are very conducive to infection. 

It should also be noted that poorly pruned trees with dense branching 
and heavy foliage generally suffer more than well-cared-for orchards with 
open growth which permits a good circulation of air and rapid evaporation 
of moisture. Trees in low pockets are more subject to scab than those on 
hill tops where the air drainage and evaporation are good. 

Host Relations and Varietal Resistance.— The conidial stage of 
Venturia incequalis occurs on many Pyrus species of the Malus group, but 
the scab of hawthorn (Crataegus) and Sorbus represent distinct species 
which cannot infect apple varieties. The scab of pears {Venturia pyrma) 
agrees, in general, in its life history with the scab of apples, but here also 
cross-infections are impossible and the fungus represents a distinct species. 
The much more frequent occurrence of twig lesions in pear scab is one of 
the striking differences. 

No varieties of apples are immune to scab, but great variation in 
susceptibility is shown. It is found that certain varieties may be resist- 
ant 1 year and heavily scabbed another year, under conditions favorable 
for scab. It is also to be noted that varieties noted as resistant in one 
locality may prove very susceptible in another region. Various writers 
have listed varieties as resistant, moderately resistant, moderately sus- 
ceptible or susceptible, but it may be noted that the Baldwin, which is 
generally classed as resistant, has shown as high as 98 per cent scab. No 
attempt will be made to explain this and many other similar variations. 
The general reputation of a variety can, however, be taken into considera- 
tion in making selections for commercial orchards. 

Control. — While the use of fungicides constitutes the principal means 
of protecting orchards from scab, there are certain other practices that 
should receive attention. 

Planting Practices , — Since scab sprays are applied with reference to 
time of blossoming, it is important that commercial plantings should con- 
sist of solid blocks of certain varieties rather than of mixed plantings. 
Even in the small home orchard the mixed planting of varieties makes 
timely spraying doubly difficult. A recognition of the predisposing influ- 
ence of pockets or lowlands with poor air drainage would suggest the 
selection of orchard sites to avoid this factor. 
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Observations in many sections agree in reporting 
scab at its worst in neglected orchards. Failure to keep the trees properly 
pruned makes a dense growth of branches and heavy foliage, wliicli 
excludes sunshine and retards evaporation, so that spore germination, 
and consequently infection, are favored. If there were no other reasons 
for pruning, the effect of failure to do so upon scab alone would be suffi- 
cient argument for attention to this orchard practice. 

Our knowledge of the part which hibernation of the scab fungus on 
fallen leaves plays in the life history of the disease suggests that their 
destruction would lessen the primary infections. Clean cultivation and 
close mowing of cover crops or weeds, either to bury the leaves or to give 
less favorable conditions for the development of perithecia and ascospore 
dissemination, are to be looked upon as measures to supplement the use of 
fungicides. 

The Use of Fungicides , — The carrier for fungous poisons may be either 
water (spraying) or air (dusting). According to present practice it is 
possible to control scab by either method. Spraying is still more gener- 
ally practiced and will receive first consideration. 

The time of application of the fungicide is very important and follows 
the life history of the fungus. The spraying or dusting should be as 
follows: (1) After the cluster buds have separated but before the petals 
have expanded. This is the so-called ^'pink spray,^^ since at this time the 
unopened flowers are highly colored. This is the most important appli- 
cation and is designed to prevent primary infections from ascospores 
which generally become prevalent at this stage in the growth of the apple 
tree. The period for effective spraying at this time is short, varying from 

1 to 3 days. Delay at this time will mean failure or only partial success if 
the season is favorable for scab. (2) Just as the last petals are falling. 
This so-called calyx spray 'Vshould be begun when the petals are two- 
thirds to three-fourths off, and can be done effectively during a period of 

2 to 5 days, ■^!(3) Ten days to 2 weeks after the second application, with 
the shorter interval if the weather is damp and cool and scab has been 
evident. (4) Later spraying at similar intervals may sometimes be 
necessary. 

Varying degrees of success from spraying have been reported by differ- 
ent workers. Beattie obtained satisfactory control in W ashington through 
a period of 6 years with the pink and calyx sprays only, but in other 
regions and under conditions more favorable to scab (wet seasons, neg- 
lected orchards), later applications have been found necessary. Morse in 
Maine obtained good results for 3 years out of 4 when the ^^pink^^ spray 
was omitted entirely, so it seems that failure to apply the first spray does 
not of necessity indicate failure. 

There is also some basis for a delayed dormant spraying to be given 
earlier than the “ pink spray/:^ or Just as the leaf buds are starting to open. 
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This has been shown to be effective under two different conditions: 
first, with varieties like the McIntosh, showing a considerable amount of 
twig infection; second, in regions like the Willamette and Hood River 
districts where there is a very early maturing and expulsion of the asco- 
spores. The above considerations show that the spraying schedule for 
scab is not absolutely a rigid one, and that orchardists should follow those 
specific practices which have given success in their region. 

Success in spraying for scab depends on the protection of exposed 
surfaces. The fungicide should be present on the susceptible part before 
the snores reach it. Hence applications should be made before rains, not 
after rain periods, since standard fungicides do not wash off sufficiently to 
impair their effectiveness. The orchardist should utili 2 !!e the local wea- 
ther reports and spray preceding probable rains. 

In past time many different fungicides have been tested for apple-scab 
control. Only two have ever come into general use: Bordeaux and lime 
sulphur. The Bordeaux and Paris green period in apple spraying contin- 
ued to the time when lime sulphur and lead arsenate came into general use 
(1908-1911). Repeated experiments have shown that Bordeaux is a 
much better fungicide for scab than lime sulphur, but it has been dis- 
carded to a considerable extent on account of the injury to foliage and the 
increased russeting of the sprayed fruit. Lime sulphur has been used 
because of less injury to foliage and fruit. 

The spraying schedules now recommended are as follows: 

a. Lime sulphur, 1 gallon of the concentrated solution testing 32°B4. 
to 30 to 40 gallons of water or the equivalent, with lead arsenate (1 pound 
powdered, 2 pounds paste) when control of chewing insects is also desired. 
This is the practice most generally followed. 

b. Bordeaux, 3-3-50 or 4-4-50 formula, for the pink^^ spray and lime 
sulphur for the later applications. This has in some cases given better 
control than lime sulphur for all applications. 

c. Lime sulphur for the first applications or until the advent of hot 
weather (to June or July) and Bordeaux or other copper fungicide for 
later applications. This practice is designed to eliminate the burning of 
fruit which results from lime sulphur when applied during the period of 
high temperature and intense sunlight (see Lime-sulphur Injury, p. 218). 

d. Bordeaux 3-10-50 for the semidormant spray and 2-10-50 for the 
later sprays. This formula is based on the experience in Nova Scotia, 
where lime-sulphur injury must be prevented. In that region a sulphur- 
containing spray with weak insecticide^ is recommended for the calyx 
application. It is uncertain what results will be obtained with this 
mixture in other regions, but in Nova Scotia it has caused very little 
russeting and has prevented lime-sulphur drop. 

1 One pound of soluble sulphur, or 1 quart of sulphicide, M pound arsenate of lime, 

5 pounds of hydrated lime and 50 gallons of water. 
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Dry lime sulphur in place of the liquid concentrate has recently come 
into use. In the earlier tests it gave poorer control than liquid lime sul- 
phur, but in some more recent trials it has given protection equal to the 
liquid lime sulphur (Britton et aL, 1921; Doran and Osmun, 1924). 
Atomic sulphur has yielded variable results, in some cases affording as 
effective protection as lime sulphur, while in others the control was 
poorer. Lead arsenate alone has shown fungicidal as well as insecticidal 
properties when tested for the control of scab, but is not sufficiently effec- 
tive to be relied upon. Promising results have also been obtained with 
ordinary bleaching powder, 1 pound to 50 gallons of water. Proprietary 
remedies, such as Adheso, B. T. S., Spra-Sulfur, Fungi-Bordo and Soluble 
Sulphur, are not to be recommended, either because of injury to fruit and 
foliage or because of greater cost. 

The possibility of spraying the fallen leaves before ascospore discharge 
and thus reducing infections by preventing the expulsion of] ascospores 
seems to have been rather generally ignored. Eecent tests in New Zea- 
land by Curtis (1924) have shown as much as 40 per cent reduction in 
infection as a result of three dead-leaf sprays. It was concluded that 

Spraying the leaves offers promise of a simple, practical means of materially 
reducing infection. In most cases there would be no need for a special mixing 
of the spray. Except after unusually wet weather the dead-leaf spray need be 
given only when the normal sprays are being applied to the trees ... All 
that would be required in the normal season is that a little extra time should be 
devoted to coating the leaves thoroughly. 

Earlier tests of the dusting method gave very poor results compared 
with liquid applications. These failures were due to two things: first, 
the fungicide and the insecticide used (dry Bordeaux and Paris green) 
were made up of coarse particles and were poorly adapted for application 
as a dust; second, the machinery used was not well adapted for orchard 
work. Since the employment of finely ground materials and specially 
prepared arsenate of lead, dusting has given results in some sections that 
have justified the use of this method. 

The dust mixtures which have given most general satisfaction are as 
follows : 

а. Eighty-five to 90 per cent finely powdered sulphur and 15 or 10 
per cent of fluffy, powdered lead arsenate. The sulphur should be of 
such fineness that 95 per cent will pass a sieve having 200 meshes to the 
inch. Applications .^should be made from both sides of the tree, using 

to 2}4 pounds of the mixture per tree each time, the amount to be 
varied according to size of the trees. 

б. Forty per cent dusting sulphur, 20 per cent powdered arsenate of 
lead and 40 per cent hydrated lime, the latter used as a filler to lessen 
the cost of the material. 
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c. Hydrated lime 86 parts, dehydrated copper sulphate 10 parts and 
calcium arsenate 4 parts. This has been used, especially in Nova 
Scotia (Sanders’ dust), as a substitute for lime sulphur, which caused 
much dropping of the fruit. 

Does It Pay to Spray for Scab? — Spraying must be looked upon as 
an insurance, and growers must decide from results whether it is a paying 
proposition. There are at least three types of localities, so far as scab 
control is concerned : 

1. Those in which scab is unknown or relatively rare. In such 
localities spraying would never be profitable. 

2. Regions in which severe scab years are infrequent. There are 
places where scab may be severe one season out of four or five. In such 
cases the actual money value of yearly spraying is doubtful. 

3. Regions in which scab-free years are uncertain and relatively 
infrequent. In such localities the successful orchardist must spray each 
year. Careful cost and production records have shown net profits, 
due to spraying, of $65 to $400 per acre. 
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BLACK ROT, CANKER AND LEAF SPOT 

Physalospora cydonim AxTi2L\id 

This is a fungous disease of apples, pears, quinces and numerous other 
hosts, being best known for its ravages in apple orchards of the eastern 
United States. In its various phases it attacks the fruit as it is approach- 
ing maturity or in storage, causing a fruit rot; the twigs and limbs, causing 
hliglit and cankers; and the leaves, causing a characteristic lea^ spot. 
The fruit rot was first studied and various names descriptive of the symp- 
toms were applied, as black rot, ring rot, blossom-end rot and brown rot. 
The phase of the disease on the twigs and limbs has been described as 
dieback, twig blight, apple canker, black-rot canker and the New York 
apple-tree canker. The leaf attacks are referred to as leaf spot, leaf 
blight, brown spot and frog eye. 

History. — Although the causal fungus had previously been known, the first report 
of the occurrence of black rot as a disease of apples was by Peck in New York in 1879. 
This was still the onl 5 ^ phase of the disease that had been definitelj?' recognized as due 
to Sphceropsis maloru7?i, until 1898 when Paddock published his first report on New 
York apple-tree canker and showed that a canker of apple common in New York and 
adjacent territory was due to the same organism as the fruit rot. Previous to the 
recognition of the canker phase of the disease, leaf spots of the apple ’were attracting 
attention. The first consideration of the economic aspect of leaf spot was by Alwood 
in 1892, but he attributed it to an entirely different fungus, Phyllosticta pyrina^ which 
was found fruiting on the spots. Another Phyllosticta species (P. limitata) -was 
reported by Stewart (1896) as the cause of a serious outbreak of leaf spot on Long 
Island. The idea seemed to prevail for some time that Phyllosticta species were the 
most important agents in the production of apple leaf spots, although other fungi 
were reported as accompaniments. The question of the parasitism of the two Phyllo- 
sticta species was taken up by Stewart and Eustace (1902) and they decided that ^‘at 
least a large part of the so-called apple leaf spot is due to spray injury and weather 
conditions and not to fungous origin.” The fungi were believed by them to be 
saprophytes which invaded the tissues killed by other agencies. Alwood had found 
Sphceropsis malorum in leaf spots as early as 1898, while Clinton (1902) recorded this 
pathogene as the cause of a leaf spotting of the apple in Illinois, and later (1903) 
recorded this pathogene as the cause of most of the leaf spot of the apple in Connecti- 
cut. Studies by a number of workers about the same time (Scott and Quaintance, 
1907; Lewis, 1908; Hartley, 1908) began to throw doubt on the parasitism of the fungi 
associated with leaf spot, while the large number of species isolated and the unsuccess- 
ful inoculations in the studies pointed to the saprophytic relations of associated 
organisms. While positive evidence was lacking, Lewis (1908) decided that ^Uhe ^ 
fungus, Sphceropsis malorum^ which is known to cause canker of apple limbs and is an 
active parasite, will be found to be the primary cause of apple leaf spot.” It remained 
for Scott and Rorer (1908) to prove definitely by inoculations that the common leaf 
spot as it occurred in the Middle West was due to the black-rot organism and that most 
of the accompanying fungi, including Phyllosticta pyrina, probably occurred on leaf 
spots only as saprophytes. 

Later studies by various workers confirmed the first discovery of the apple rot and 
showed that the pathogene would affect maturing apples in the orchard, and was also 
less important as a disease of pears and quinces. The continued study of the canker 
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phase of the disease emphasized its importance, definitely established the connection 
between the organism in the fruit and in the cankers and yielded further important 
contributions on the etiology of the disease. In 1912 an ascomycetous fungus occur- 
ring in old cankers attributed to Sphcjeropsis malorum was described by Arnaud in 
France as Physalospora cydonice, and was believed to be the perfect stage of the pycin- 
dial form which is now assigned as a probable synonym of S. malorum. It remained 
- for Hesler in 1913 to ^how the genetic connection between Spho^opsis malorum in 
America and the ascigerous form which Arnaud had previously described. This 
finding has been generally accepted, but Lindau states (Sorauer’s Handbuch, 1923) 
that “it is doubtful whether this fungus is identical with the apple tree parasite'’ 
(translation). The meager amount of the ascogenous stage in the American material 
contributed to .the doubt, but it is interesting to note that Cunningham (1923) has 
confirmed the work of Hesler and finds the perithecia of Physalospora cydonice very 
abundant in cankers over 2 years old. In the studies of the leaf-spot phase of the 
disease it was soon noted that the spots so prevalent in the spring later enlarge to 
produce the condition knowm as “frog eye," especially in the southern states. This 
condition was attributed by some to other fungi or to other fungi following the 
Spha 3 ropsis infections. Roberts (1914) was able to produce typical “frog-eye" spots 
by inoculating dead spots with an Alternaria. From his results and the work of 
others it seems that the frog-eye development may be due to Sphseropsis working 
alone or in association with some other organisms. 

Early in the history of black rot, attention %vas given to control measures, but as 
late as 1890- Scribner wrote: “Nor can we at this time propose any treatment which 
would be likely to be effective and at the same time practical." Spraying was 
suggested, but the first carefully controlled experiments for the protection of the fruit 
were reported by Wolf (1913). Spraying was recommended for leaf spot before the 
relation to Sphseropis was established, the results coming largely from spraying for the 
control of scab and bitter rot. Various workers since 1901 have reported a successful 
control of leaf spot. Mention should be made of special experimental work on control 
by Crabill (1915) in Virginia and Walton (1920) in Pennsylvania. 

The most complete study of black rot in its various phases was published by 
Hesler in 1916. Later work has been concerned largely with control or establishing 
the presence of the disease in new territory. 

Geographic Distribution. — The disease is widely distributed in America from the 
Gulf states northward to Ontario, Quebec and Nova Scotia. While it has been 
reported from California, Oregon and Washington, it seems to be a rare trouble west 
of the Rocky Mountains. The various phases of the disease have not been equally 
prevalent throughout its range. The canker has been especially prominent in New 
York and adjacent territory. In the extreme East, the Ozarks and Virginia, the fruit 
rot and the leaf spot have been the general phases of the trouble. “Speaking generally 
for northeastern America, the Middle West and southeastern Canada, this apple 
disease in one or more of its three forms stands second only to apple scab in importance" 
(Hesler and Whetzel, 1917). Black rot occurs in Europe from Italy and France 
northward to Germany and England, and extends eastward into southern Russia. 
It occurs also in Australia and South Africa and has more recently been reported from 
New Zealand. The disease is of minor importance in European countries, and in New 
Zealand the principal damage is from the canker phase of the disease. 

Symptoms and Effects. — The leaf-spot phase of the disease begins 
soon after the leaves unfold from the bud. The young lesions show first 
as minute purple specks, which soon enlarge to circular spots, 2 to 10 
millimeters in diameter, with an average of 4 or 5 millimeters. The 
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tissue of the lesion gradually becomes brown, and the spot sharp in out- 
line, with a faintly raised margin. As the tissue dries out, the spot may 
become a dirty-gray color and in numerous cases minute black fruiting 
bodies may be seen occupying the upper surface (mostly saprophytic 
intruders). Bordeaux injury or localized killing from free arsenic may 
be responsible for leaf lesions which closely resemble these black-rot 
leaf spots. While this is the type of the leaf spot that predominates in 
certain localities, in others they deviate to such an extent that at first 
they were supposed to be due to another organism. Some of the spots 
remain in the condition already described for the entire season, but 
many after ceasing growth for a time become active again. 



Fig. 187. — Apple leaves showing leaf spots caused by biack~rot fungus (Physalospora 
cydonice), {After Scott and Rorer^ Bur, PL Ind. BuL 121 .) 


From one or more points on its margin the spot begins to spread, forming 
brown crescents much darker than the older portion of the spot. These new 
brown crescents are always bordered with purple on the outer edge. They 
extend outward and sideways until they finally come together, completing the 
circle of brown around the gray center. More crescents of brown develop from 
this first brown circle, growing together and forming a second brown circle. 
This formation of concentric circles continues until the leaves fall in the autumn 
or as a result of the injury, the older rings become lighter in color with age. The 
spot at the time of leaf fall is a more or less irregular blotch made up of a light-gray 
center, sharply defined, surrounded by many concentric rings of brown with 
light zones between (Crabill, 1915). 

This is the condition which has suggested the name “frog eye.'' The 
size of the spots depends on the weather conditions and also upon the 
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number of infections per leaf, the maximum size of about 1 inch in 
diameter being reached under the most favorable conditions. The 
spots may be few in number or they may be numerous and adjacent lesions 
may coalesce to form more extended dead areas. 

The fruit rot is not in evidence until a few weeks before maturity or 
later as a storage rot. Fruit lesions are first apparent as small brown 
spots, frequently at a worm hole, which later darken as they expand in 
size and finally become black. A single lesion to an apple is the common 
condition, and it may be anyvrhere on the surface, but is frequently 
located at the calyx end. In some cases concentric zones of different 
shades of brown or black appear, but in others no zonation is apparent. 
A fruit lesion continues to advance and to penetrate the flesh of the 
fruit, the invaded tissue having the form of a cone with the external area 



Fig. 188 . — Normal apple and shriveled black-rot mummy. 


of the lesion as its base. Within a few weeks after infection minute black 
pimples may appear in the skin of the fruit, and these by their numbers 
contribute to the black coloration. The rot advances until the entire 
fruit is involved and 

. . . later stages in the development of the rot show a shriveled and much 
wrinkled surface, which typically becomes covered with black pustules. Ulti- 
mately a dry mummy is produced, which may hang to the tree for a year or more 
(Hesler, 1916). 

It is this phase of the disease that has suggested the very appropriate 
name of black rot It has been confused with brown rot (see Chap. XX 
for difference) and also with bitter rot. It can be easily distinguished 
from the latter, which has an unpleasant taste, and pinkish fruiting 
pustules. 

The disease may attack the trunk, larger limbs, smaller branches or 
even the twigs, producing either localized cankers or a blight or dieback 
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The typical cankers on the larger limbs^ appearing more frequently on 
their upper surfaces, are first in evidence as reddish-brown discolorations 
of the bark, which later become slightly sunken as the affected tissue 
dries Lesions may remain small and cease to extend at the end of the 
first season, but in many cases a diseased area continues to enlarge year 
after year until it has girdled the branch or has extended for a yard or 
more. 

A crevice may appear at the margin, limiting, temporarily at least, the extent 
of the lesion. Further spread of the pathogene results in the formation of a 
prominent spot, which soon forms a second line of demarcation between the 
healthy and diseased tissue. Repetition of this process from one or more points 
at the margin occurs, thus producing a lobed appearance; or the spreading may 
aiise from all points about the first marginal crack, so that a series of concentric 
crevices is developed, as described for the frog eye of the leaves. The bark 
remains closely appressed to the wood for at least a year; later the dead bark 
cracks, and falls away, exposing the wood and a callus around the margin of the 
wound (Hesler, 1916). 

The minute, black fruiting pustules may be very abundant over the 
bark of blighted twigs or in the bark of the localized cankers. Cankers 
may show only a superficial roughening of the bark, while in other cases 
the bark is killed to the cambium and the underlying wood may be 
stained and cracked. 

The injury from the black-rot disease is due to the following: (1) the 
reduced photosynthetic capacities of the spotted foliage and to the early 
defoliation when spotting is severe; (2) to the rotting of the fruit just 
previous to maturity and during storage; (3) to the interference of cankers 
with the life of branches or to the girdling of branches and the resultant 
death of all distal parts; and (4) to the blighting or dieback of young 
affected twigs. In severe cases defoliation may occur 6 weeks to 2 months 
before maturity of the crop, causing the fruit to remain small and of poor 
quality or to drop prematurely. Such foliage losses make a heavy drain 
on the vitality of the tree and seriously interfere with the production of 
the next year. The amount of the fruit rot is variable, but it is a factor of 
importance from Alabama to Canada and from Maine and New Hamp- 
shire westward to Nebraska. The continuation of the rot during the 
storage period is common throughout this territory and probably ranks 
with blue mold (Penicillium) in frequency. Injury from the canker 
phase of the disease may be scarcely noticeable, or it may be so severe as 
to cause extensive killing or reduction in productiveness. In New York 
and adjacent territory great importance is attached to the canker phase of 
the disease, and the statement has been made that few orchards in that 
section are free from the disease. The extent to which the decline of 
trees from old age or from winter injury has played a part seems to have 
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been largely overlooked, the presence of the black-rot organism being 
taken too often as the indication that it was responsible for the damage. 

Etiology. — This disease is caused by one of the ascomycetous sphere 
(ungi (Physalospora cydonim Arnaud) which produces its ascigerous or 
perithecial stage in the bark of old cankers or on affected branches, and 
its pycnidial or Sphceropsis stage in the bark, in rotting fruit and more 
rarely in the leaf spots and on fallen leaves. The rarity of the pycnidial 
fruits in the leaf spots and the common occurrence of the pycnids of 
Phyllosticta or the fruits of other intruding fungi were for many years the 
source of misconceptions as to the true nature of the disease. The pycni- 
dia are developed in abundance in the bark and on rotted fruits, but the 
perithecial stage seems to be rare, especially in America. The first 
report of the existence of a perithecial form of the black-rot pathogene 
was by Shear (1910 and 1914), who presented evidence that it was geneti- 
cally connected with Melanops quercuum (Schw.) Rehm. forma vitis Sacc. 
Arnaud, working in France (1912), described a fungus which he foundon 
bark showing pycnidia of the black-rot type {SpJmropsis pseudodiplodia) 
as Physalospora cydonim. A year later (1913) Hesler found this same 
fungus in America and proved by single ascospore cultures that it would 
produce typical pycnidia of Sphceropsis malorum^ and therefore accepted 
the finding of Arnaud. Considering the great variation in the pycnidial 
stage of the pathogene, one is led to wonder w^hether there may not be 
equally great variations in the perithecial stage. 

The septate mycelium is intercellular and is at first hyaline, but soon 
darkens and becomes greenish yellow, bluish green, brown and then dark 
brown, appearing black in mass. Sclerotia-like bodies have been observed 
in cultures and beneath the skin of affected apples. Chlamydospores 
have been noted in cultures, as thick-walled, granular cells, occurring 
singly, in chains or in groups. Knots of hyphse become aggregated just 
beneath the outer surface of the host parts and gradually develop into the 
pycnidia or conidial fruits. 

The typical pycnidia are globose, subglobose, elongated or flask- 
shaped, black or carbonous, immersed in host tissues or becoming some- 
what erumpent, ostiolate, and with distinct but variable outer and inner 
walls, the inner wall being of thin- walled, hyaline cells, w^hile the outer is 
of dark, thick-walled cells. They are usually distinct but may be con- 
fluent or united into a stroma, a single pycnid measuring 200 to 300/i in 
diameter, while the compound structures may vary from 200 to A60p high 
by 200 to 720 m wide. Hyaline, clavate or cylindrical conidiophores, 8 to 
30 m long, arise from the inner face of the hyaline inner wall. Each 
conidiophore can develop a single, oblong-elliptical, brown spore, the 
sizes varying from 7 to 16.2m broad by 16 to 36m long. The pycuidia 
show wide variation as to form, size and detail of structure, and the 
pycnospores are likewise extremely variable. While the typical mature 
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spore is. brownish,, .tliey vary from nearly hyaline in the youngest mature 
spores to very dark brown in old, mature spores. The typical Spharop- 
sis spore is unicellular, but spores with one cross-septum are fairly com- 
mon, and those with two or three are sometimes found. The hyaline 
color and continuous character are more common in young fruits, while 
the dark color and septation are more common in older fruits. This 
variation in color and septation is of special interest, since according to 
present classification of fungi the different conditions represent three 
different genera: the hyaline, continuous spores, Macrophoma; the 



Fig. 189. — Sections through several types of pycnidia of the black-rot fungus. (After 
Leva Walker, Neb. Rept. 22, 1908.) 


colored, continuous spores, true Sphceropsis; and the one-septate, colored 
spores, Diplodia. 

The - perithecia have been found on twigs and cankers, and are very- 
similar in form and size to the pycnidia. They are immersed in the 
cortical tissues and protrude by a short papillate ostiole. The wall is 
also similar in character to the wall of pycnidia, with inner hyaline cells 
and outer carbonous cells. Single fruits vary from 180 to 324^ high, by 
300 to 400m wide. Club-shaped asci, 21 to 32 by 130 to 180m interspersed 
with hyaline, continuous paraphyses, arise from the base of the peri- 





fungus. The pycnospores accumulate in the pycnidial cavity, and are 
then pushed out through the ostiole, and may accumulate as short gelat- 
inous tendrils, which will be washed away by rains due to the dissolving 
of the gelatinous matrix in which the spores are embedded. Rain and 
insects may bring about their further dissemination, but evidence of wind 
dissemination is lacking, since spores were not collected in spore traps set 
in orchards in which black rot was prevalent (Wolf, 1910). Their libera- 
tion in tendrils is also opposed to wind transport, and the great frequency 
of the pycnidia on dead twigs and the work of Walton (1920) showing that 
frog-eye infection is correlated with periods of rainfall make it unnecessary 
to assume any extensive wind dissemination. 

The pycnospores are prevalent and ready to produce infections when 
conditions are favorable. Their retention of their vitality is an important 
feature in increasing the chances for infection. Hesler (1916) states 


Fig. 190. — Section of a periihecium of Physalospora cydorvim. {After Hesler, Cornel 
Univ. Agr, Exp. Sia. Bid. 379.) 


thecium. The asci have thick walls at the tip, and contain from two to 
eight ascospores, eight being the common number. The ascospores are 
ellipsoidal or often insequilateral, hyaline to greenish yellow, irregular 
biseriate in arrangement and vary from 10.8 to 15.2 by 23.4 to 34.2/4. A 
t.hin gelatinous sheath around the spore becomes evident when they have 
been held in a moist atmosphere. 

The pathogene may be carried over the winter in. the form of dormant 
mycelium, immature pycnidia, mature pycnidia, developing perithecia 
and possibly by pycnospores that have been set free and are lodged on 
the surface of the bark. Because of the rarity of the perithecia, it seems 
that these must play a very minor part in the life history of the pathogene, 
main reliance being placed on the pycnospores for the dissemination of the 
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that pycnospores that are 2 years old or older are still capable of germiiia.-- 
tion, and there ^ seems to be some evidence that their liberation is not 
confined entirely to the spring and summer, but may take place also 
during warm, moist periods at other times in the year. 

The time of infection of the foliage depends largely upon the condi- 
tion of the host tissues. According to recent work: 

Some frog-eye infection takes place during the blooming period, but most of 
it occurs from the time the petals fall until two and one-half weeks later, in other 
words when the leaves are in a growing condition (Walton, 1920). 

It is certain that the pathogene can infect the uninjured leaf tissues 
and produce leaf spot. This behavior has been experimentally demon- 
strated by various workers, but attempts to infect healthy bark or fruits 
have been unsuccessful. In some localities fruit infection independent 
of injuries has been observed at the calyx end. Various types of injuries 
to the fruit or bark offer openings through which the fungus gains an 
entrance. These may be insect injuries by codling moth, curculio, etc. 
or other fungus or bacterial parasites, such as scab, blotch, bitter rot and 
fire blight may pave the way for entrance. Limb rub, hail bruises, 
spray injury, growth cracks, pruning woxinds and frost cankers have 
been mention as furnishing infection courts. 

Host Relations. — This disease is primarily a trouble of pomaceous 
fruits, being of first importance on the apple and of minor importance on 
the pear and quince. In addition, it is found either as a saprophyte or as 
a parasite on a considerable number of trees and shrubs, including alder, 
apricot, ash, basswood, dogwood, elder, hawthorn, hop-hornbeam, lilac, 
maple, mulberry, oak, pine, rose, sumac, witch-hazel and others” (Hosier 
and Whetzel, 1917). On the quince it has been noted primarily as a 
fruit rot. 

Considerable variation has been noted in the susceptibility of varieties 
of the apple. The fruit rot is more severe on early varieties previous 
to maturity, while late or winter varieties are likely to suffer in storage. 
The leaf spot and frog eye are reported as severe on Ben Davis, Winesap, 
Arkansas, Baldwin and Jonathan in Virginia, on Ben Davis in Nebraska, 
on York Imperial and Stayman Winesap in Pennsylvania and on Chen- 
ango, Baldwin, Rhode Island and Twenty Ounce in New York. “In 
old orchards, particularly where pruning is neglected, the leaf-spot dis- 
ease is much worse than in young orchards” (Scott and Rorer, 1908), 
Data on the susceptibility of varieties to the canker phase of the disease 
are mostly from New York and adjacent territory. In western New 
York Twenty Ounce is the variety most severely affected by canker. 
It is rarely found unaffected even in well-managed orchards, and neg- 
lected trees are often killed (Hesler, 1916). Paddock (1889) gives the 
following order of susceptibility of other varieties: Baldwin, Wagoner, 
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Rhode Island and Tompkins King. He says that Esopus has apparently 
run out because of its extreme susceptibility. Ben Davis and Northern 
Spy are severely affected in Ontario. 

Control. — As a basis for prevention or reduction in the amount of 
the disease the following features should be kept in mind: (1) that the 
pathogene is a wound parasite on limbs and to a great extent on fruits; 
(2) the unbroken epidermis of leaves can be penetrated to produce leaf 
spot or frog eye; (3) cankers, blighted or dead twigs, fallen, spotted 
leaves and old mummies may all develop pycnidia which furnish spores; 
(4) the ascigerous fruits in old cankers may play a part in the spread 
of the pathogene. 

Preventive or control measures may be grouped as follows: (1) pre- 
vention of wounds or their protection; (2) the treatment of cankers; (3) 
the removal and destruction of structures which furnish the inoculum; 
(4) spraying to protect the foliage or other parts. Many of the mechani- 
cal injuries may be avoided with a little care — for example, those due to 
machinery used in cultivating or spraying, by ladders and boots in prun- 
ing and picking, by props not carefully used or protected or by careless 
pruning or removal of water sprouts. Attention must be given to the 
control of insect pests and other fungous or bacterial diseases. Pruning 
wounds or other mechanical injuries that cannot be avoided should be 
treated with either a coating of coal tar or a Bordeaux paint. Attention 
should be given to cankers of whatever origin, since, if they are not 
already invaded by the black rot, they offer important courts of entrance. 
In all cases the grower must decide between the treatment of the canker 
and the sacrificing of the branch on which it occurs. The diseased tissue 
must be removed and destroyed and the wound protected or the cankered 
limb must be cut out. As a general principle for this or other diseases, 
cankers on large productive limbs or in the body of the tree should be 
treated, while small or unproductive cankered limbs should be removed. 
The destruction of black-rot mummies that are hanging on the tree or 
lying on the ground and very close pruning to remove all dead wood in 
which the fungus may be hibernating are commendable practices. All 
prunings and diseased bark, whether killed by black rot or from some 
other disease, should be destroyed by burning, since if left in the orchard 
they may continue to produce fruits of the pathogene. Either clean 
cultivation or the plowing under of the leaves previous to the blossoming 
period has been suggested. 

The value of spraying for the prevention of canker is somewhat 
problematical. It would seem that limbs kept constantly covered with 
a Bordeaux should be afforded protection, but positive evidence of the 
value is not available. Spraying has been used effectively for the preven- 
tion of fruit rot, but more especially for the control of leaf spot or frog eye. 
Wolf (1913) has reported successful control in Alabama by the use of 
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4-4-50 Bordeaux about the middle of July followed by a second applica- 
tion 2 weeks later, and successful control was accoinplished earlier by 
Waite (1901) and Scott (1905) in work on bitter rot. Commercial linie 
sulphur was reported entirely ineffective in controlling fruit rot due to 
Sphaeropsis as well as to the bitter-rot pathogene. 

Spraying was recommended for leaf spot before the connection with 
black rot was known. It is generally necessary to spray for scab in those 
regions in which Sphaeropsis leaf spot is prevalent, and the usual experi- 
ence has been that the disease is controlled by the scab sprays, the pink, 
calyx and one later spray generally being sufficient to secure practical 
control, while still further reduction will follow a fourth application, 
especially if the rains continue. ‘ The degree of control which may be 
expected may be judged from the following results: 

Brooks and De Meritt (1920) : Lime sulphur, 1-25, 26 per cent; checks 
95 per cent. 

Walton (1920): Lime sulphur, 1-30, 21 per cent; checks 79.4 per 
cent. 

Walton (1920): Bordeaux, 4-5-50, 19.8 per cent; checks 79.4 per 
cent. 

Crabill (1915) has reported 100 per cent efficiency in some cases, but 
it seems that perfect protection is rarely obtained. For leaf spot alone, 
self-boiled lime sulphur has given good results, but best control has been 
obtained from either commercial lime sulphur or Bordeaux. In Virginia, 
lime sulphur (Crabill, 1915) gave better control than Bordeaux, but in 
most cases the latter has been reported as slightly superior. On account 
of Bordeaux injury to both foliage and fruit, lime sulphur would seem 
more desirable unless bitter rot or blotch must also be controlled. 
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CHESTNUT BLIGHT OR BNDOTHIA CANKER OF CHESTNUT 

Endothia paralitica (Murr.) And. and And. 

This is a virulent disease which invades the bark and cambium of 
twigs, branches or main trunk, forming cankers which ultimately girdle 
these structures and cause the death of all distal parts, thus producing 
blight or dieback of twigs or branches, or leading to the death of the entire 
tree. The earlier reports of this disease have referred to it as the chestnut 
blight, the chestnut canker or the chestnut bark disease, but Endothia 
canker has been used more recently. Since a typical blight is not 
produced except by infections of small twigs, and other cankers of the 
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chestnut are known, and since both bark and wood' are, affected during 
the progress of the disease, it might avoid confusion to adopt the specific 
name of Endothia canker, but blight is the term now most generally 
used by laymen, foresters and most plant pathologists. 

History and GeograpMc Distribution. — This disease was first noted by Merkel in 
the New York Zoological Park in 1904, but was first described 2 years later (Merkel, 
1906). The disease was studied by Murrill (1906) in the New York Botanical Garden 
and vicinity and was recognized as a serious trouble. The causal organism was 
described the same year as a new species, Diaporthe parasitica. The study of the 
disease was taken up in the U. S. Department of Agriculture very soon after the 
organization of the laboratory for the study of tree diseases in 1907, and the serious 
character of the trouble was realized. The disease spread with alarming rapidity and 
by 1908 (Hodson) was serious in portions of Long Island, Connecticut, Massachusetts, 
New York, New Jersey and Pennsylvania, radiating from the original infections in 
New York City and Long Island, and was reported from a number of outlying points 
in Delaware, Maryland and Virginia. The rapid march of the disease into Pennsyl- 
vania led to the establishment of the Pennsylvania Chestnut Tree Blight Commission 
in 1911 with an appropriation of $275,000 for the investigation and scientific study of 
the problem, and especially to ascertain the extent of the blight and to devise ways and 
means by which it could be stamped out. The investigations were also supported by a 
liberal appropriation by the Federal Department, and their investigations , were 
conducted in cooperation with the Pennsylvania Commission until that went out of 
existence in 1913. The origin of the epiphytotic was one of the early questions for 
discussion, and two opposing views were held: (1) that the causal fungus was an 
obscure native of the United States that suddenly assumed prominence due to unfavor- 
able conditions for its host— -winter injury, and drought conditions (Clinton, 1909); 
(2) that the pathogene was an immigrant, introduced into this country from some 
foreign country, possibly Japan, with importations of nursery stock (Metcalf, 1908). 
This controversy was not settled until 1913, when the pathogene was discovered 
in China on native chestnuts {Qostaneamollissima) by Meyer, an agricultural explorer 
of the U. S. Department of Agriculture (Fairchild, 1913; Shear and Stevens, 1913). 
In its native home the pathogene was not a serious parasite, making rather inconspicu- 
ous cankers, but when it reached America and found a very susceptible host in the 
native chestnut, Castanea dentata, it spread with alarming and deadly rapidity. The 
early study of the blight disease led to evidence that it had been prevalent some years 
previous to its discovery in New York and that probably more than one center of 
infection had existed. As a result of the increased interest in the disease and the 
financial support for investigations, the publications bearing on distribution, nature 
and control of the disease appeared in rapid succession in both the popular and scien- 
tific channels. Special impetus was given by the Pennsylvania Chestnut Blight 
Conference called by the governor in February, 1912, and in the course of a few years 
a volummous literature had accumulated. A bibliography of the disease compiled 
to Jan. 1, 1914, included 399 titles (Beattie, 1914). 

Experiments on control were attempted before the nature of the disease was 
understood, and eradication or control measures dominated the first efforts of the 
Pennsylvania Chestnut Tree Blight Commission. Later attention was given to 
etiological and ecological relations, and important contributions to our knowledge were 
made by Anderson (1912-1914), Rankin (1912-1914), Heald and assistants (1913- 
1915) and others. The studies of the life history of the pathogene showed the futility 
of . eradication measures after the disease, had gained such headway, and as the best 
control practices had only served to retard the advance of the disease, funds were not 
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provided for a continuation of the work and general control measures were larselv 
discontinued. Since that time the disease has continued to extend its ravages In 
1914 the disease was generally prevalent in native chestnuts from New Hampshire and 
Warren County, New York, on the north to Albermarle County, Virginia, on the south 
and westward to a line running diagonally to the southwest through middle Pennsyl- 
vania. Scattering or spot infections occurred outside of this area in Maine New York 
and Pennsylvania and at one locality in North Carolina. An orchard infection had 
been reported from British Columbia. Since that time the disease has continued 
its onward march to the south and west and seems destined to spread throughout the 
natural range of the chestnut. It was discovered in Japan by Meyer in 1915 and 
reported by Shear (1916) as occurring on the native wUd trees (Castanea crenata) which 
appeared to be even more resistant than the Chinese chestnut. It has recentlv been 
reported from Europe on the cultivated species (1924). 

Symptoms and Effects.— Young infections of chestnut blight on 
smooth-barked vigorous shoots (2 to 6 or more years old) can be easily 
recognized by the presence of yellowish or yeUowish-brown patches 
i shghtly raised, and standing out in marked contrast to the ohve-green 

* healthy bark. The area invaded by the fungus may be fairly regular 

or very irregular in outline, the latter showing what has been designated 
as the amoeboid type. In young infections of this type there are no 
fruiting pustules, but these make their appearance later. If the external 
brown layer of cork cells is removed from the advancing edge of the 
invaded area, the whitish or buff-colored mycelium, or vegetative body 
of the blight fungus is exposed. Infections of this type may spread until 

the shoot is completely encircled, and fruiting pustules wiU be formed 
later. 

Young infections on slow-growing twigs or on the smooth bark of 
older branches or trunks are not so evident, but they generally show as 
somewhat discolored, dead areas, sometimes slightly depressed and 
occasionally with a raised margin. The area invaded may be nearly 
cncular, giving a so-called “target” infection, but it is more frequently: 
elongated in the direction of the long axis of the shoot or branch The 
invaded area graduaUy enlarges until the shoot or branch is completely 
encircled. A smaU shoot may be completely encircled before the appear- 
ance of fruiting pustules, but on larger limbs or on the main trunk the 
Iruitmg pustules begin to make their appearance long before complete 
girdhng has taken place. These fruiting bodies show as small, yellow 
oranp or reddish-brown pustules (He inch or slightly more in diameter) 
which break through the bark some distance back from the advancing 
edge of the lesion. 

The mterior tissue (inner bark invaded by the fungus) is changed to 
a yellowish-brown color, which is in marked contrast to the bright color 
ot the normal healthy tissue, and a careful examination by cutting away 
the bark show the buff-colored fans of the fungus, which may have 
penetrated as deep as the cambium layer. 
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Fia. 191. — Chestnut limbs showing cankers due to Endothia parasitica. 

on large limbs or trunks is the appearance of abnormal longitudinal 
splits or fissures. The orange or yellow fruiting pustules appear in the 
deep crevices or cracks, and spore horns may be developed from these 
under favorable conditions of moisture and temperature. 

An infection with the blight fungus is sometimes the cause of a 
pronounced enlargement, or hypertrophy. This enlargement may 
involve the entire invaded portion or it may be more pronounced at the 
upper end of the lesion. Enlarged lesions are apparently the most 
frequent on vigorous shoots. Longitudinal splits or fissures in the bark 
are very characteristic of hypertrophied lesions. In many instances the 
lesion may show a marked sunken area due to the killing of the invaded 


During damp weather following rains, or in moist situations, long, 
irregularly twisted threads, varying in color from buff to bright yellow, 
may be extruded from some of the pustules. These are masses of 
conidia or summer spores, and have been designated as spore horns’^ 
or tendrils. The spore horns when first formed are soft and sticky, but 
when dry they become hard and brittle and are frequently darker in 
color. 

Young infections on old trunks or large limbs with thick, fissured 
bark cause little change in the appearance of the bark itself and the 
fungus may have gained considerable headway before there is any external 
evidence of its presence. Sometimes the first indication of an infection 



Fig. 192.' — Piece of an infected branch showing numerous pycnidia and extruded spore 

coils or ** spore horns.*' 
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bark, while the surrounding tissues have continued to grow at the normal 
rate. This dead tissue may be more or less cracked or fissured and a 
typical canker developed. In the old lesions which have completely 
girdled a limb or branch the bark becomes cracked and fissured and 
begins to peel away. On old rough-barked trunks or branches the bark 
over old lesions will give a hollow sound when tapped, since the inner bark 
has been destroyed by the fungus. The bark may be readily peeled 
away and the inner fibrous portion is more or less shredded. 

Aside from the discovery of the actual lesions there are various other 
symptoms which indicate the presence of blight, (1) dead leaves hanging 


in characteristic drooping clusters, which generally remain on the tree 
during the winter; (2) the persistence of burs, frequently undersized, on 
the blight-killed branches; (3) leaves of normal or reduced size become 
chlorotic, reddish brown or brown and fall, leaving defoliated limbs; (4) 
the development of groups of vigorous, rapid-growing sprouts at localized 
points on branches or trunk or at the crown, marking the location of a 
girdling lesion. 

The final effect of the cankers is to kill the parts beyond the girdled 
zone, whether this is on twigs, branches or main trunk. The occurrence 
of trunk lesions is most serious, since, with the completion of the girdling, 
the entire tree must succumb. In trees which have suffered from top 
infections for several years, the occurrence of blight-killed branches gives 
a “stag-head” effect. The wood of blight-killed trees is injured but 
little as a direct result of the disease, but if left standing it soon begins 


DISEASES DUE TO THE SPHERE FUNGI AND^ ALLIES '• 601 

to deteriorate as a result of the work of insects and various species of 
wood-destroying fungi. 

Economic Importance. — The completeness of destruction wrought by 
the disease is without parallel in the annals of plant pathology. It 
has been making a clean sweep, killing young growth and merchantable 
timber of the forests, and the beautiful shade trees of cities and countiy 
estates throughout the invaded territory. The chestnut tree has a 
wonderful capacity to sprout from stumps or the base of killed trees, 
but these young vigorous sprouts are soon killed by the disease, and finally 
no further growth is possible. In the areas of earlier infestations the 
fine chestnut forests, groves and shade trees have entirely disappeared, 
and it seems possible that the extermination of the chestnut throughout 
its natural range may be the final result. It is difficult for one who has 
not witnessed the ravages of this disease to appreciate the thoroughness 
of the destruction. 

During the earlier years of the epiphytotic various attempts were made 
to estimate the financial losses from the disease. According to Metcalf 
(1913): 

The estimate of $25,000,000 made in 1911 as representing the loss up to that 
time was probably much too conservative. But the total loss to date is insignifi- 
cant compared with the loss which will ensue if the disease once attacks the fine 
chestnut timber of the South Appalachians. 

The disease has continued unchecked since that time and the losses 
have amounted to more than that caused by any other forest-tree disease. 
All this destruction has happened because a struggling and insignificant 
parasite was carried from its home environment to a new territory. 
This and other undesirable fungous immigrants are glaring examples 
of the early failure of this country to establish and maintain an efficient 
inspection of imported stock. 

Etiology. — This chestnut disease is due to Endothia parasitica (Murr.) 
A. and A., one of the sphere fungi or Sph^eriales, which produces a Cyto- 
spora-like pycnidial stage and Valsa-like stromata containing the peri- 
thecia. This fungus was first referred to the genus Diaporthe by Murrill, 
but the studies of Farlow, Clinton, Shear and the Anderson brothers 
(1912) have shown that it is an Endothia and distinct from the native 
American species, which are saprophytic. Rehm (1907) referred this 
parasite to the Hypocreales (ergot fungi and allies) because of the bright- 
colored stromata, and named it Vahonedria parasitica (Murr.) Rehm, 
but this binomial was never accepted by American pathologists.^ 

Endothia parasitica has been shown by repeated inoculations to be 
true to its specific name, successful inoculations being readily made by 
pure cultures, or by mycelial transfers from active lesions. It is, how- 
ever, strictly a wound parasite, being unable to penetrate the unbroken 
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periderm or bark of either young or old parts. The mycelium develops 
principally in the living cambium and bark and to a more limited extent 
in the outer sapwood of any part of the host above ground, and continues 
to grow in dead parts as long as moisture and food are available. The 
mycelium is at first a cottony white, but soon becomes buff or yellowish 
and spreads out in the bark layers or in the cambium in the form of 
closely appressed sheets or fan-like layers. 

A month or more after an infection the mycelium begins the organiza- 
tion of the fruiting pustules for the production of pycnospores. These 
pycnidial pustules or stromata appear as minute raised papillae scarcely 
larger than a pinhead, and show a yellowish or orange color when they 
break through the bark. Each pycnid is a dense aggregate of fungous 
tissue, generally containing one (rarely more) large, lobulated cavity, 
lined with innumerable vertical filaments or conidiophores, by which 



enormous numbers of minute rod-shaped bodies, the pycnospores^ are 
produced. These pycnospores are hyaline, continuous, cylindrical, 
straight or slightly curved with rounded ends and average 1.28 by 3.56ju. 
Due to their accumulation in the pycnidial cavity the external wall is 
ruptured and the spore mass embedded in mucilaginous material oozes 
out in the form of a yellowish or orange, thread-like or flattened, irregular 
coil, the so-called spore horn^^ or tendril. These spore horns are pro- 
duced during moist periods following rains, and persist until washed away 
during some later storm. During rainy periods the pycnospores are 
being formed and washed away from mature pycnida as fast as they are 
forced out to the surface. A single spore horn of average size has been 
found by actual analysis to contain as many as 115,000,000 pycnospores. 

After a period of activity the pycnidial pustules may be transformed 
into perithecial stromata, which then show upon their surface a number 
of raised papillae or a number of minute black dots, the ostioles or open- 
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Pig. 194. — Perithecial stromata in the crevices of rough bark. 
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ings of the perithecia or flask-like bodies buried deep in the stromata. 
Each perithecial stroma contains one to 60 (average 15 to 30) distinct 
flask-like perithecia, each of which opens to the surface by a long, black 
neck. The body of the perithecium is 350 to 400m in diameter, the outer 
wall made up of 10 or 12 layers of compact, dark, heavy-walled cells, 
the inner wall of two or three layers of thin- walled cells from which the 
asci originate. The neck of the perithecium is lined with thin- walled 
hyphse which project inward and upward and are especially prominent 
near the ostiole. The asci are oblong or broadly clavate, eight-spored, 



Fig. 196. — Section of a perithecial stroma showing immersed, fiask'Shaped perithecia which 
open to the surface by long necks. 

average 8.9 by 51.2 m and have a very delicate hyaline wall with a 
thickened ring at the apical end. The ascospores are irregular uniseriate 
or subbiseriate in arrangement, hyaline, oblong to oval, one-septate, 
generally constricted at the septum and average 4.5 by 8.6m. In mature 
perithecia, when sufiiciently moist and temperatures are favorable, the 
asci are detached from the wall, and as they accumulate are forced up 
the long neck in a linear series. When an ascus reaches the ostiole and 
its tip is exposed to the exterior, it explodes and the eight ascospores are 
projected into the air, Anpther ascus is pushed up to take its place, and 
in due time it expels its charge of spores. This process continues as 
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long as new asci can be formed and conditions are favorable, so each 
peritliecium may be called a repeating spore gun, wliicli is repeatedly 
firing its load of spores into the surrounding air. It must be evident 
that these ascospores, by their method of discharge, are adapted to a 
wind dissemination, while the pycnospores, being embedded in a mucilag- 
inous matrix readily soluble in water, are more suited to dissemination 
by rains. , 

The pycnospores have frequently been designated as ''summer 
spores,” but the development of the pycnidia depends largely upon the 
age of the lesion rather than on the time or season of the year. Pycno- 
spores are produced in abundance at all times of the year when tempera- 
ture and moisture conditions are favorable, 
and are v/ashed down in large numbers from 
diseased branches even during the warm 
winter rains, when the spore horns are 
rarely observed. The ascospores have been 




( — ) 


Fig. 197. — Asci 
showing form and 
position of ascospores. 


Fig. 198. — A comparison of 
maximum and minimum sizes of 
ascospores and pycnospores. 


designated as the “winter spores,” but their time of maturing also depends 
more upon the age of the lesion than upon the season of the year. Matur- 
ing perithecia may be found at any season of the year, although they are 
perhaps more abundant in the fall and winter than at other seasons. 
Successive crops of perithecial stromata may be found on a single lesion 
which has persisted for a number of years. The pathogene may spread 
throughout the bark of a blight-killed tree and continue to produce 
fruiting pustules, or they may be formed in abimdance in the bark' of 
fallen logs. Pycnids may even be formed on the bare wood of peeled 
logs or on the cut ends of the sapwood or on fragments of bark or wood 
left in chopping. The chestnut-blight fungus has a remarkable power 
of spore production, both pycnospores and ascospores, and either form 
seems equally effective in producing infections. 
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The pycnospores have been shown to survive for 2 to 3 months in a 
perfectly dry soil; they have been found in viable condition on normal 
bark below lesions as long as 14 days after a rain; they are washed down 
from lesions with every winter rain in enormous numbers, but are even 
more numerous in the spring and summer; they are carried in large 
numbers on the bodies of insects which frequent cankers, as many as 
336,000 being obtained from a single insect (Leptostylus macMla); they are 
also carried by birds which frequent chestnut trees in search of insects, 
analyses showing that a single downy woodpecker had over 750,000 that 
were still viable on its feet, bill and head. Although early statements 
were made that the pycnospores were wind disseminated, no evidence of 
su.ch spread has been obtained.* Eain, insects and birds are the important 
agents of their dissemination and, considering their resistance to desicca- 
tion, they might even be transported long distances on the bark of nursery 
trees or in soil adhering to their roots, even though the stock was itself 
free from infection. 

The drying of bark does not prevent the perithecia from expelling 
ascospores when again subjected to favorable moisture and temperature 
conditions. When dried in the laboratory for 2 months, spore expulsion 
was active after 2 days^ exposure to moisture, and activity was even 
resumed by stromata that had been dried for nearly a year. 

The expulsion of ascospores takes place only under natural conditions 
when the stromata have been moistened by rains but before they have 
dried. Tests have shown ascospores to be very prevalent in the vicinity 
of infected chestnuts during the first 5 hours following the cessation of 
rains, and less abundant later, in some cases being prevalent as long as 14 
hours after the rain. During winter rains the temperature is too lo^w for 
expulsion to take place. At 38.6°F. no spores were expelled, only a few 
at 53.8'^F., while the optimum temperature for expulsion was 68 to 80°F. 
(Heald and Walton, 1914). It is interesting to note that this optimum 
for spore expulsion agrees very well for the optimum for growth as given 
by Shear and Stevens (1913). Perithecia show an almost phenomenal 
power of spore production, as shown by the fact that spores were expelled 
from some specimens every day for 168 days. Some perithecia were still 
active when the test was discontinued” (Heald and Walton, 1914). 

Expulsion of spores from the perithecia of Endothia parasitica begins in the 
spring with the first warm rains and increases to a maximum of activity as condi- 
tions become more favorable, to be followed by a decline in the fall when lower 
temperatures prevail, and ceases entirely during the cooler portions of the year, 
although there may be an abundant rainfall. During one-third to one-half of 
the year there is then no expulsion with each rain of any consequence (Heald 
and Studhaiter, 1915). 

Activity of pustules is not exhausted in a single season, but may be as 
vigorous during the second season as during the first. This remarkable 
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power of aKScospore production is due to successive maturing of asci, 
successive maturing of perithecia and to successive maturing of stromata 
throughout the season. 

It has been shown conclusively that the ascospores are wind-dissemi- 
nated. By exposure plates and spore traps it has been shown that 
ascospores are carried away from diseased trees in large numbers following 
each warm rain of any amount. They have been obtained in large num- 
bers from the air 300 to 400 feet from the source of suppl^^, hence the 
conclusion is justified that they may be carried much greater distances. 
It is of interest to note that the period of their prevalence coincides with 
periods of moisture when conditions should be favorable for infections. 

All attempts to make infections with either spores or mycelium through 
the normal bark have been failures. It was thought that the lenticels 
might offer an avenue of entrance, but there is no evidence that such is 
the case. Injuries of some sort which open the bark are necessary. Such 
injuries may be made in a variety of ways, but it is believed that certain 
insects are the most important agents in making openings. A bast miner 
which tunnels in the bark and emerges to pupate in the soil is very abun- 
dant throughout the natural range of the chestnut, and infections can 
frequently be found which appear to center at the exit openings of this 
insect. 

After an infection has been established the mycelium continues to grow, 
its rate depending mainly on the temperatures which prevail, rains having 
little or no effect on its advance. Anderson (1914) gives the average 
annual rate of growth or increase in the diameter of the lesion around the 
tree, based on a large number of measurements at Charter Oak, Pa., as 
15.97 centimeters. The .growth was the most rapid during the summer 
months, but continued during the warmer periods of the winter months. 
The annual rate of growth has been shown to be much more rapid at the 
southern range of the disease (Charlottsville, Va.) than at the most 
northern locality (Concord, N. H.), where it was only about half that at 
the southern point. At a given latitude the rate of growth also decreases 
with the altitude. These data would indicate a more rapid spread of the 
chestnut blight in its southern advance (Stevens, 1917). 

Host Relations. — All varieties of chestnuts, including the native 
American species, Castanea dentataj and the European and Japanese 
species, are susceptible to the Endothia canker. The eastern chinquapin 
((7. pumila) and the western chinquapin (Castanopsis) can also contract 
the disease, but show considerable resistance. As previously noted, the 
Chinese and Japanese species show a decided resistance, so much so that 
in their native country they suffer but little injury from the disease. It 
is unfortunate that the native American species, the most valuable species 
commercially, should be so exceedingly susceptible. The breeding- 
problem in relation to the Endothia canker consists of producing resistant 
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varieties for nut production and resistant varieties that will be profitable 
timber trees. Considerable progress has already been made by Van Vleet 
in the production of resistant horticultural varieties, and a new ray of 
hope has been offered that resistant forest varieties may be produced by 
the discovery by Graves (1918) of a number of very resistant native trees 
in New York which had withstood the ravages of the disease, when their 
neighbors had long since succumbed. 

Endothia parasitica can grow as a saprophyte on the bark of various 
trees and has been found growing naturally in the woods on several 
species of oaks (Quercus), Acer ruhrum^ Cary a omta and Rhus typhina. 
Inoculations on various species established the fact that the fungus was 
only very weakly parasitic on Quercus alba and Q, prinus, and led to the 
conclusion that the canker fungus is not a menace to other forest trees 
except the chestnut. 

Control,— The control of the Endothia canker has been attempted 
under strictly forest conditions, in nut-producing orchards and in orna- 
mental shade trees, but with little success in any case. Early in the 
epiphytotic careful pruning and tree surgery or the cutting out of cankers 
alone or combined with spraying were used in the attempt to save valu- 
able shade and orchard trees, but despite the most painstaking efforts 
owners saw their prized trees gradually go down. The most thorough 
practice of this method of treatment only served to prolong the life of the 
affected trees, since they were constantly reinfected. This method of 
treatment for individual trees would probably be successful in regions 
outside of the chestnut belt, where trees would not be exposed to infection 
from the outside. 

The possibility of limiting the state or nation-wide spread of the dis- 
ease through the forests was given special attention by Federal and state 
authorities. While most foresters and pathologists believed that it 
would be impossible, Pennsylvania was not whiling to give up the fight 
without making a special effort. The plan finally tried was first to locate 
spot infections in the region beyond the area of general prevalence of the 
disease, and then an attempt was made to eradicate these spot infections 
by cutting out and destroying the infected trees, following methods which 
were planned to reduce the chances of reappearance of the disease. 
Even the most careful handling of these spot infections was not com- 
pletely effective. Of 42 spots in which eradication was attempted, 14 
showed a recurrence of the disease. What result would have followed a 
second eradication was not determined, since Pennsjdvania failed to 
provide funds for the continuation of the work, which was discontinued 
in July, 1913. Since that time only sporadic efforts have been made by 
state authorities in any of the affected states and the disease has continued 
its forward march. 
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Witliin the invaded forest areas the problem then became one of the 
utilization of the chestnut timber in the most efficient way, since control 
had been abandoned. Blight-killed timber deteriorates quite rapidly, 
hence should be cut and marketed as soon as possible, and the devastated 
areas devoted to other desirable species. 

The only hope for the chestnut is the breeding of resistant or immune 
varieties. The extermination of the American chestnut throughout 
its range seems certain unless nature herself intervenes. Extermination 
of species of trees has characterized former geologic times. It may be 
that such a process is being enacted before our eyes at the present time. 
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1. Hypoceeales 

1. Hypocreaceoe. 

European canker of apple and pear (Neciria galligena BresO.—HESLER, L. R. and 
Whetzel, H. H.: Manual of Fruit Diseases, pp. i25-'130. The Macmillan 
Company, 1917. Cayley, D. M.: Some observations on the life history of 
Neciria galligena Bres. Ann. Bot. 36: 79-92. 1921. Zellee, S. M. and 
Owens, C. F.: European canker on the Pacific slope. Phytopath. 11: 464-468. 

1921 . Wiltshire, S. P. : Studies on the apple canker fungus I. A 7 in. Appl. Biol. 

8: 182-192. 1921. : Studies on the apple canker fungus 11. Canker 

infection of apple trees through scab wounds. Ann. Appl. Biol. 9: 275-281. 

1922. 

Canker or dieback of woody • species (Nectaria dnnaharina (Tode) Fr.). — Cook, 
M. T.: A Nectria parasitic on Norway maple. Phytopath. 7: 313-314. 1917. 

Line, J. : The parasitism of Nectria dnnaharina (coral spot) with special reference 
to its action on red currant. Trans. Bnt. Myc. Soc. S: 22-2S. 1922. Wester- 

DijK, J. AND Luijk, A. VAN! Untersuchungen ueber Nectria cocdnea (Pers.) Fr. 
und Nectria galligena Bres. Meded. Phytopaih. Labor. Willie Comm. Scholi. 
Amsterdam 6: 3-30. 1924. 

Seedling blight or snow mold of cereals (Calonectria graminicola (Berk, and Br.) 
WolL). — Affects principally winter rye, and less frequently barley and wheat. 
Conidial stage, Fusarium nivale Caes. Weese, J.: Beitrage zur Kenntnis der 
Gattung Calonectria. Myc. Centralhl. 4; 121. 1914. Schaffnit, Ernst: 

Ueber die geographische Verbreitung von Calonectria graminicola und die Bedeu- 
tung der Beize des Roggens zur Bekampfung des Pilzes. Landw. Jahrh. 64: 
523-538. 1919. Opitz, Oberstein and Leipziger: Kritische Betrachtungen 

zur Fusariumkrankheit der Wintersaatgetreides. Landw. VersuchssL 97 : 219- 
244. Atanasoff, Dimitar: Fusarium blight of the cereal crops. Meded. 
Landhouwhogesch. Wageningen 27: 1-132. 1923. Wollenweber, H. W.: 

Getreide-Fusarien, Erreger von Schneeschimmel und anderen Fusariosen. Ulus. 
Landw. Zeit. 44: 169-170. 1924. 

Seedling blight, foot disease and scab of small grains and corn root, stalic and ear rot 
(Gihherella sauhinetti (Mont.) Sacc.). — Johnson, A. J. and Dickson, J. G.: 
Wheat scab and its control. U. S. Dept. Agr., Farmers^ Bui. 1224: 1-16. 1921. 

Adams, J. F. : Observations on wheat scab in Pennsylvania and its pathological 
histology. Phytopaih. 11: 115-124. 1921, Dickson, J. G.: Influence of soil 

temperatures and moisture on the development of the seedling blight of wheat 
and corn caused by Gihherella sauhinetti. Jour. Agr. Res. 23: 837-870. 1923. 

MacInnes, Jean and Fogleman, R.: Wheat scab in Minnesota. Minn. Agr. 
Exp. Sta. Tech. Bui. 18: 1-34. 1923. Koehler, B., Dickson, J. G. and 

Holbert, j. R. : Wheat scab and corn root rot caused by Gihherellas auhinetii 
in relation to crop successions. Jour. Agr. Res. 27 : 861-880. 1924. Holbert, 

J. R., Burlison, W. L., Koehler, B., Woodworth, C. M. and Dungan, G. H.: 
Corn root, stalk, and ear-rot diseases, and their control through seed selection 
and breeding. III. Agr. Exp. Sta. Bui. 266: 237-478. 1924. 

Ergot of rye and other cereals {Claviceps purpurea (Fr.) TuL). — (See special treat- 
ment.) 

Cat-tail fungus of grasses (EpichloetypUrm TMl.). — Atkinson, G, F.: Steps toward a 
revision of linosporous species of North American graminicolous Hypocreaceae. 
Torrey Bot, Club Bui. 21: 222-225, 1894. Pammel, L. H.: Fungous diseases 

of grasses. Grasses of Iowa. Iowa Geol. Survey BuL 1: 196-197. 1901. 
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Insect-cast fttngtis {Cordyceps miliiaris (L.) Link and other species). — These fungi are 
of interest because they parasitize insects and transform their bodies into sclero- 
tia. Masses, G.: A revision of the genus Cordyceps. Ann, Bot. 15: 522. 
1895. Lagerberg, T.: Cordyceps militaris (L.) Link. Sverige Svensic, Bot. 
Tidshr. 16: 285“-290. 1922. Fetch, T.: Studies in entomogenous fungi. 

IV. Some Ceylon Cordyceps. Trans. Brit Myc. Soc. 10: 1924. 

II. Dothidiales 

1. Dothidiacece. 

Black spot of clover (PhyUachora trifolii (Pers.) FcL). — This fungus has recently been 
named Ptowrigktia trifolii by Killian and has been referred to Dothidella by 
Elliott and Stansfield. Killian, Karl: Le Polythrincium trifolii Kunze parasite 
du trMe. Rev. Path. Veg. and Entom. Agr. 10: 202-219. 1923. Elliott. 

F. S. B. AND Stansfield, 0. P. : The life history of Polythrincium trifolii. Trans. 
Brit Myc. Soc. 9: 21^-22^. 1924. 

Black knot of plum and cherry {Plowrightia m.orhosa (Schw.) Sacc.). — (See special 
treatment.) 

III. Sph^riales 

Pineapple disease of sugar cane {Trichosphceria sacchari Mass.). — Masses, G.: On 
Trichosphceria sacchari Mass., a fungus causing a disease of sugar cane. Ann. 
Bot. 7: 515. 1893. (See also Black Heart or Rot of Pineapple, under Important 

Diseases Due to Imperfect Fungi, p. 652.) 

Bluing of western yellow pine (Ceratostomella pilifera (Fr.) Winter). — Schrenk, H. 
von; The ^‘bluing” and the ‘^red rot’^ of the western yellp\v pine, with special 
reference to the Black Hills Forest Reserve. U. S. Dept. Agr., Bur. PI. Ind, 
Bui. 36 : 1-40. 1903. 

Black rot of sweet potatoes {Ceratostomella fimbriata Elliott). — Halsted, B. D. and 
Fai.rchild, ' D. G.: Sweet potato black rot. Jour. Myc. 7: 1-11. 1890. 

Elliott, J. A.: The ascigerous stage of the sweet potato black-rot fungus. 

Phytopaih. 13: 56. 1923. : A c^d^ologicai study of Ceratostomella fimbriata 

(E. H.) Elliott. Phytopath. 16: 417-422. 1925. 

Bark fungus of stone fruits (Calosphceria princeps Tub). — Although this fungus occurs 
on bark of living trees as well as on dead branches it does not seem to cause 
material injury. 

Black rot, canker and leaf spot of apple {Physalospora cydonios Arnaud). — (See special 
treatment.) 

Blight of stone fruits {Ascospora beijerinckii VuilL). — The ascigerous stage of this 
fungus has not been found in America. (See Blight of Stone Fruits, under 
Imperfect Fungi, p. 657.) 

Dieback of peach, plum and other stone fruits (Valsa leucostoma Fr.). Rolfs, F. M. : 
Winter killing of twigs, cankers and sun scald of peach trees. Mo. Fruit Exp. 
Sta. Bui. 17: 9-101. 1910, Wormald, H.: The Cytospora disease of the 

cherry. Jour. S. E. Agr. College, Wye 1912 : 367-380. 1914. Walton, R. C. 

AND Babcock, D, C.: The parasitism of Valsa leucostoma (Abstract). Phyto- 
path. 6: 112-113. 1916. Leonian, L. H.: The physiology of perithecial and 

pycnidial formation in Valsa leucostoma. Phytopath. 13 : 257-272. 1923, 

Blight of filberts and hazel (Cryptosporella anomala (Pk.) Sacc.), — Humphrey, J. E.: 
A hazel fungus. Mass. Agr. Ezp. Sta. Ann, Rept. 10 : 242-243. 1893. Halsted, 
B. D.: A serious fiibei't disease. N* J, Agr, Exp. Sta. Atm. Rept. 13 : (1892): 
287-289. 1893. Barss, H. P.: Eastern filbert blight problem. Cal Dept 

Agr. Mo. But 10 : 250-257. m2L 
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Dead-arm disease of grapes (Cryptosporella viticola (Red.) Shear). — Reddick, D.: 
Necrosis of the grape vine. Cornell Univ, Agr, Exp, Sta. Bui. 263 : 323-343. 
1909- Shear, C. L.: The ascogenous form of the fungus caasing dead arm 
of the grape. Phytopath. 1: 116-119. 1911. Gregory, G. T. : A rot of grapes 

caused by Cryptosporella viiicola. Phytopath. 3: 20-23. 1913. Reddick, D.: 

Dead-arm disease of grapes. N. Y, (Geneva) Agr. Exp. Sta. But 389: 463- 
49G. 1914. 

Currant cane blight {BotryosphoBria ribis Grossenb. & Duggar). — Grossenbagher, 
J. G. and Duggar, B. M.: A contribution to the life history, parasitism, and 
biology of Botryosphmria ribis. N. Y. {Geneva) Agr. Exp. Sta. Tech. Bui. 18 : 114- 
190. 1911. Stevens, N. E. and Jenkins, A. E.: Occurrence of the currant 

cane-blight fungus on other hosts. Jour. Agr. Res. 27: SZ7-S4A. 1924. Shear, 
C. L., Stevens, N. E. and Wilcox, M. S.: Botryospharia and Physolospora 
on currant and apple. Jour. Agr. Res. 2S: 5S9~59S. 1924. 

Bitter rot or ripe rot of apples, pears, quinces and grapes {Glomerella cingulata (St.) 
Sp. & von S.). — ScHRENK, H. von and Spaulding, P.: The bitter rot of apples. 
U. S. Dept. Agr., Bur. PI. Ind. Bui. 44: 1-54. 1903. Scott, W. M.: The 

control of apple bitter rot. V. S. Dept. Agr., Bur. Pi. Ind. Bui. 93 : 1-36. 1906. 

Roberts, J. W. : The sources of apple bitter-rot infections. U. S. Dept. Agr. 
Bui. 634: 1-25. 1918. Roberts, J. W. and Pierce, L.: Apple bitter rot and 

its control. U. S. Dept. Agr., Farmers' Bui. 938: 1-14. 1918. 

Cotton anthracnose {Glomerella gossypii (South.) Edg.). — Edgerton, C. W.: The 
perfect stage of the cotton anthracnose. Mycologia 1: 115-120. 1909. De 

Loach, R. J. H. : Some studies on the Colletotrichum gossypii. Ga. Agr, Exp. 
Sta. Bui. 85: 1-14. 1909. Barre, H. W.: Cotton anthracnose investigations. 

Report of progress. S. C. Agr. Exp. Sta. Ann. Rept. 22: S9-11S. 1909. : 

Cotton anthracnose. S. C. Agr. Exp. Sta. Bui. IBA: 1-22. 1912. Edgerton 

C. W.: The rots of the cotton boll. La. Agr. Exp. Sta. Bui. 137: 20-59. 1912. 
Jehle, R. A. and Winters, R. J.: Control of cotton anthracnose and improve- 
ment of cotton in North Carolina. N. 0. Dept. Agr. Bui. 41: 13-28. 1920. 

Gilbert, W. W.: Cotton diseases and their control. U. S. Dept. Agr., Farmers' 
Bui. 1187: 14-16. 1921. Ludwig, C. A.: Studies with anthracnose infection in 

cotton seed. S. Car. Agr. Exp. Sta. Bui. 222: 1-52. 1925. 

Root rot {Rosellinia necatrix (Hart.) Berl.). — Affects grapes, plums, cherries, apricots, 
and even herbaceous hosts, for example, potatoes, peas, etc. Viala, P.: Mono- 
graphie du pourridie des vignes et arbres frutiers. Paris, 1891. Nowell, 
William: Rosellinia root diseases in the lesser Antilles. West Indian Bui. 16: 
31-71. 1916. Lindau, G. and Riehm, E.: In Sorauer^s Handbuch der Pfian- 

zenkrankheiten 2: 285-288. 1921. 

Root rot of oaks {Rosellinia quercina Hart.). — Hartig, R.: Untersuchimgen aus dem 
Forstbotan. Inst. z. Munchen 1: 1. 1888. 

Canker of hickory {Rosellinia caryce Bonar).—- Bonar, Lee: The life history of RoseU 
linia carvm Sp. Nov. causing a hickory canker and disease. Phytopath. 12: 
381-385. 1922. 

Cranberry rot {Acantkorhynchus vacdnii Shear). — Shear, C. L.: Cranberry diseases. 

U. S. Dept. Agr., Bur. PL Ind. Bui. 110 : 26-30. 1907. 

Hypoxylon canker of poplar {Hypoxylon pruinatum (Klot.) Cke.). — Hypoxyion poplar 
cankers. Povah, Alfred: Phytopatk. 14 ; 140-145. 1924. 

Blister canker of apple {Nummularia discreta (Schw.) TuL). — Cooper, J. R.: Studies 
of the etiology and control of blister canker on apple trees. Neb. Agr. Exp. Sta. 
Res. Bui. 12 : 1-117. 1917. Rose, D. H.: Blister canker of apple trees, a 
physiological and chemical study. Bot. Gdz. 67: 105-146. 1919. Anderson, 

H. W. : Some factors influencing the practical control of blister canker in apple 
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orchards. Proc, Arnsr. Soc, Hort. Sci. 17: (1920): 111-116. 1921. Gloyer, 
W. O.: Blister canker of apple and its control. N. Y. {Geneva) Agr. Exp. Sta. 
Bui 486: 1-71. 1921. Anderson, H. W.: Orchard practice for the control of 

blister canker of apple trees. Ill Agr. Exp. Sta. Circ. 258: 1-16. 1922. 

Black root rot of apples {Xylaria hypoxylon (L.) Grev.). — Wolf, F. A. and Cromwell, 
R. O. : Xylaria root rot of apple. Jour. Agr. Res. 269-276. 1917. Fromme, 

F. D. AND Thomas, H. E.: Black root rot of the apple. Jour. Agr. Res. 10: 
163-174. 1917. 

Oak canker (Diaporihe taleola Fr.). — Hartig, A.: Eine krebsartige Rindenkrankheit 
der Eiche. Forstl Naturw. Zeitschr. 2: 1. 1893. 

Sweet -potato dry rot {Diaporthe hatatatis (E. & H.) Harter and Field). — Harter, 
L. L. AND Field, Ethel, C.: A dry rot of sweet potatoes caused by Diaporthe 
haiataiis. U. S. Dept. Agr., Bur. PI Ind. Bui 281: 1-38. 1913. Harter, 

L. L., Weimer, J. L. AND Adams, J. M. R.: Sweet potato storage rots. Jour. 
Agr. Res. 16: 349-350. 1918. 

Brown canker of roses (Diaporthe umbrina Jenk.). — Jenkins, Anna E. : Brown canker 
of roses caused by Diaporthe umbrina. Jour. xigr. Res. 15: 593-599. 1918. 

Pod blight of lima bean (Diaporthe phaseolarum (C. <fe E.) Sacc.). — -Harter, L. L. : 
Podblight of the lima bean caused by Diaporthe phaseolarum. Jour. Agr. Res. 
11:473-504. 1917. 

Chestnut blight or Endothia canker (Endoihia parasitica (Murr.) And. & And.).- — 
(See special treatment.) 

Anthracnose of sycamore (Gnomonia veneta (Saec. & Speg.) Kleb.). — Also attacks 
oaks. Rankin, W. H.: Manual of Tree Diseases, pp. 237-238; 333-338. The 
Macmillan Company. 1918. 

Leaf spot of elm (Gnomonia (Schw.) Thum.). — Miles, L. E.: Leaf spots of the 
elm. Bot.Gaz.il: 161-196. 1921. 

Anthracnose of walnut (Gnomonia leptostyla (Yi.)QeB. & d. Not.). — Klebahn, H.: 
Zuzammenhange von Ascomyceten mit Fungis imperfectis. Centralbl. f. Bak. 
u. Par., II Abt. 15: 336. 1905. Feyronel, B.: Severnamento di Mcrsomh 
juglandis sui ramie polioni del noce. Staz. Sper. Agr. Ital 53: 168-171. 1920. 

Black rot of grapes (Gtdgnardia hidivellii (Ellis) V. & R.). — Reddick, D.: The 
black-rot disease of grapes. Cornell Univ. Agr. Exp. Sta. Bui 293:289-364. 
1911. Rhoads, A. S.; Grape diseases with special reference to black rot and 
anthracnose. Fla. State PI. Bd. Quart. Bui. 8: 102-113. 1924. 

Blast or early rot of cxmhetry (Quignardia vaccinii Shear). — Shear, C. L.: Cranberry 
diseases. U. S. Depl Agr., Bur. PI Ind. Bui 110 : 12-26. 1907. Shear, C.L.: 

Cranberry diseases and their control. U. S. Dept. Agr., Farmers' Bui 1081: 5-8. 
1920. 

Leaf blotch of horse chestnut (Guignardia mscuU (Pk.) Stew.). — Stewart, V. B.: 
The leaf blotch of horse chestnut. Phytopath. 6: 5-19. 1916. Cornell Univ. 

Agr. Exp. Sta. Bui 371: 411-419. 1916. 

Strawberry leaf spot (Mycosphosrella fragance (Schw.) Lind.).— Hesler, L. R. and 
Whet^el, H. H.: Manual of Fruit Diseases, pp. 420-425. The Macmillan 
. ''Company. 1917.' 

Leaf spot of Rubus species (MycosphoereUa ruhi Roark).— Roark, E. W.: The 
Septoria leaf spot of Rubus. Pkytopath. 11: 326-333. 1921. 

Spur blight of raspberry (MycosphcBrella ruUna (Pk.) Jacz.).— Sackett, W. G.: Spur 
blight of the red raspberry caused by Spho^ella ruhina. Colo. Agr. Exp. Sta. Bui 
206: 3-26. 1915. 

Leaf spot of currant and gooseberry (Mycosphoerella grosmlarim (Fr.) Lind.). — 
Stone R. E.: Studies on the life histories of some species of Septoria occurring 
on Ribes. Phytopath. 6: 410-427. 1916. Vasil’bvskii, N. I.: Zur Biologie 
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Sepioria rihis Desm . aiif Eihes nignmi, Bolezni Rost, 13 : 12-21. 1924. GermiHi 

resume, pp. 20-21. 

Leaf spot of pear {Mycosphoerella sentina (Fr.) Scrot.).— Duc4gar, B. M.: Some 
important pear diseases. I. Leaf spot. Cornell Univ. Agr, Exp. Sta. BuL 145 : 
597-611. 1898. Laibach, F.: Untersuchungen uber einige Septoria-arten und 

ihre Fahigkeit zur Bildung hoherer Fructformen I und IL Zeitschr. Pflanzenkr. 
30: 201-223. 1920. 

Mycosphaerella wilt and black rot of cucurbits (Mycosphmrella dtruUina (Smith) 
Gross.). — Grossenbacher, J. G.: A Mycosphserella wilt of melons, N, Y. 
{Geneva) Agr. Exp. Sta. Tech. Bui. 9: 196-229. 1909. Hemmi, Takewo: On 

the occurrence of Mycosphserella wilt of muskmelons in Japan. Phytopath. 12: 
394-397. 1922. Meier, F., Drechsler, Charles and Eddy, Emery : Cucum- 
ber black rot caused by Mycosphcerella citrullina. Phytopath. 12 : 43. 1922. 

Dry heart rot and leaf spot of beets {MycosphmreXla tahifica (P. & D.) Johns.). — 
Lindau, G. and Riehm, E.: Sorauer’s Handbuch der Pflanzenkrankheiten 2: 
297-300. 1921. Campanile, G.: Sulla Phoma betoe Frank come agente deiba 

morriia delle beitole nei semenzaia in Italia. Boll. Mens. Inform, e Not. R. Staz. 
Patol. Veg. Roma 4: 39-48. 1923. Gaxjmann, E.: Untersuchungen uber die 

Herzkrankheit (Phyllonekrose) der Runkel- u. Zuckerriiben. Beiblatt zur 
Vierteljahrschrifts der Naturges. in Zurich 70: 1-106. 1925. 

Ascochyta blight of peas {Mycosphcerella pinodes (B. & Bl.) Stone). — Stone, R. E: 
The life history of Ascochyta on some leguminous plants. I. Ann. Mycol. 10: 
564-594. 1912. II. Phytopath. 6: 4-9. 1915. Vaughan, R. E.: Mycosphcerella 
pinodes, the ascigerous stage of Ascochyta pisi. Phytopath. 3: 71-72 (Abstract). 
1913. 

Ring spot of cauliflower {Mycosphcerella hrassicola (Duby) Lind.). — Osmun, A. V. and 
Anderson, P. J.: Ring spot of cauliflower. Phytopath. 6: 260-265. 1915. 
Leaf spot of iris {DidijmelUna iridis (Desm.) V. Hohn.). — Heierosporium gracile (Wall.) 
Sacc. auf Irisblattern. Zeitschr. Landw. Yersuchst. Deutschosterr. 23: 131-141. 
1920. Tisdale, W. B. : Iris le&i spot csLUsedhy Didymellina iridis. Phytopath. 
10: 148-163. 1920. 

Apple scab {V enturia incequalis (Cke.) Wint.).— -(See special treatment.) 

Pear scab {Y enturia pirina Aderh).' — Smith, R. E.: Pear scab. Cal. Agr. Exp. Sta. 
Bui 163: 1-18. 1905. Fisher, D. F. and Nbwcomber, E. J.: Controlling 

important fungous and insect enemies of the pear in the humid sections of the 
Pacific Northwest. U. S. Dept. Agr., Farmers^ Bui. 1056: 1-34. 1919. Put- 

terill, V. A.: Pear scab in the western province; experiments and facts relating 
to its control. Union B. Africa Dept. Agr. Bui. 2: 1-31. 1922. Curtis, 

K. M.: Ascospore ejection of the apple and pear black spot fungi. New Zeal. 
Jour. Sci. Ac Tech. 5: 83-90. 1922. Cunningham, C. H.: Apple and pear 

black spot: their appearance, cause and control- New Zeal. Jour. Agr. 25: 
20-31. 1922. Brereton, W. L., Hamblin, C. O. and Stokes, W. B.: Black 

spot of pear and apple. Agr. Gaz. N. S. Wales 33: 123-130. 1922. Curtis, 

K. M. : Black spot of apple, pear. Experiments in possible methods of reducing 
infection. New Zeal. Jour. Agr. 21-2S, 1924. 

The brown felt blight of pine {Neopeckia coulteri (Peck.) Sacc.). — Sturgis, W. C.: 
Herpothrichia and Neopeckia on Conifers. Phytopath. 3: 152-158. 1913. 

Boyce, J. S.: Spore variation in Neopeckia coulteri. Pkytopath. 6: 357-359. 
1916. 

Dieback of poplar {Didymosphoeria popuUna Vuill.). — The causal relation of this 
fungus to the dieback has been disputed. Vuillemin, P.: La maladie du 
Peuplier pyramidal. Compt. Rend. tOS: 1SS9] Rev. Myc. lB32i 22. Peillieux, 
E.: Sur la maladie du Peuplier pyramidal, Bui. Soc. Myc. France 8: 26, 1892. 
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The white-felt blight of conifers {Acanthostigma parasiticum (Hartig) Sacc.).— 
Hartig, R.: Allgem. Forst- u. JagdzeiL 1884. Prillieux, E.: Malad. des 
Plantes Agric. 2 : 208. 1897. 

Sphaerulina leaf spot of clover (Sphcertdina trifoUi E. Rostr.). — Hopkins, E. P.: 

The Spha3riil ilia leaf spot of clover. Phytopath. IZ: 117-126. 1923. 

Brown felt blight of conifers (Herpotrichia nigra Hartig and H. qumquiseptata Weir).— 
Weir, J. R.: A new leaf and twig disease of Picea engelmanni. Jour. Agr. Ees. 
4: 251-254. 1915. (See also Sturgis, loc. ciL under Brown Felt Blight of 
Pine, p. 615.) 

Cane blight of raspberries (Leptosphceria coniothyrium (Fcl.) Sacc.). — Also occurs on 
rose, blackberry and apple. Stewart, F. D. and Eustace, H. J. Raspberry 
cane blight and raspberry yellows. N. Y. {Geneva) Agr. Exp. Sta. Bui. 
331-366. 1902. Giissow, H. T.: Parasitic rose canker. A new disease in roses. 

Jour. Roy. HorL Soc. 34:222-230. 1909. O^Gara, P. J.: Parasitism of 

Conioihyrmm fuckelii. Phytopath. 1: 100-102. 1911. Cunningham, G. H.: 

A fungus disease attacking blackberry, identified as raspberry cane wilt. Neio ' 
Zeal. Jour. Agr. 24:1 2Z~26. 1922. 

Speckled blotch of oats {Leptosphceria ave?iaria Weber). — Weber, George, F.: 

Septoria diseases of cereals. Phytopath. 12 1 449-470. 1922. 

Speckled-leaf blotch of wheat {Leptosphceria iHtici (Gar.) Pass.).- — Weber, George 
F. : Septoria diseases of wheat. Phjtopath. 12i 1922. 

Take -all of wheat {Ophioholus cariceti (B. & Br.) Sacc.). — Waters, R.: Take-all 
disease in wheat. Incidence in New Zealand. Neio Zeal. Jour. Agr. 20 : 137-143. 

1920. : Take-ail disease in wheat. Etiology of Ophiobolus graminis Sacc. 

New Zeal. Jour. Agr. 20: 287-288. 1920. Fitzpatrick, H. AL, Thomas, H. E., 

■ and Kirby, H. S.: The Ophiobolus causing take-all of wheat. Mycologia 14: 
30-37. 1922. Kirby, R. S. : The take-all disease of cereals and grasses. Phyto- 
path. 12: 66-88. 1922. Samuel, G.: Take-all investigations. Jour. Dept. 

Agr. S. Aust. 27: 438-442; 1923. Rosen, H. R. and Elliott, J. A.: Patho- 

genecity of Ophioholus cariceti in its relationship to weakened plants. Jour. 
Agr. Res. 25: 351-358. 1923. Davis, R. J.: Studies on Ophioholus graminis 

Sacc. and the take-all disease of wheat. Jour. Agr. Ees. 31: 801-825. 1925. 

Leaf spot of alfalfa and clover {Pleosphcerulina hriosiana PoL). — Melchers, L. E,: 
A new alfalfa leaf spot in America. Sconce, n. s. 42: 536-537. 1915. Miller, 
J. H.: Preliminary studies on Pleosphcerulina hriosiana. Amer. Jour. BoL 12: 
224-237. 1925. According to this recent study the spots credited to this fungus 

are made by insects, the fungus being only a saprophyte. 

Stripe disease of barley {Pleospora gramineum Died.). — Hayes, H. K., Stakman, 
E. C., Griffee, F., and Christensen, J. J.: Reaction of barley varieties to 
Helminthosporium varieties. Minn. Agr. Exp. Sta. Tech. Bui. 21 : 1-47. 1923. 

(See also stripe disease of barley under diseases due to Imperfect Fungi, p. 654.) 
Net blotch of barley {Pyrenophora trichostoma (Ft.) Wlnt.). — Johnson, A. G.: The 
ascigerous stage of Helminthosporium teres Sacc. Phytopath. 4: 408. 1914. 
(See also Net Blotch of Barley under Diseases Due to Imperfect Fungi, p.654.) 


CHAPTER XXIII 


DISEASES DUE TO IMPERFECT FUNGI 
FUNGI IMPERFECTI 


In the great groups of fungi many species produce at least two types 
of spores or spore fruits in the course of their life cycle, as follows: 



I 

II 

Black molds and allies (Zygomycetes) . . . 

Downy mildews and allies (Oomycetes) . . 
Powdery mildews and allies (Peri- 
sporiales) 

Zygospores 

Oospores 
' Perithecia 

Sporangiospores or con- 
idiospores 

Conidia or swarm spores 
Conidia of the Oidium 
type 

Conidia of various types 
Conidia of various types 
Conidia rarely 

Uredinia and secia 

Sphaeriales and allies (Pyrenomycetes). . . 

Cup fungi and allies (Discomycetes) 

Smut fungi (Ustilaginales) 

Perithecia 

Apothecia 

Chlamydospores 

Telia 

Rust fungi (Uredinales) 

Palisade fungi and allies (Hymenomy- 
cetes) 

Basidium fruits 

Conidia of various types 

— — — — ■ "-"1 


Perfect and Imperfect Stages. — The spores or spore fruits indicated in 
the first column make it possible to assign a fungus to a definite family or 
order in the great groups of fungi arfd to determine the genus and species, 
and are considered the perfect stages. The spore forms or spore fruits indi- 
cated in the second column represent the imperfect stages. These are suffi- 
ciently characteristic in some groups to show positively the perfect stage 
with which they are connected, but in many forms the imperfect stages alone 
offer no certain clue to the perfect stages to which they are related. In 
such cases the uncertain forms are kept together for convenience as the 
Fungi Imperfecti, which represent a heterogeneous group of very diverse 
forms. The group may then be considered as a temporary resting place 
for forms the affinities of which are not known or cannot be safely pre- 
dicted. It is probable that certain fungi have lost their power to produce 
the perfect stage, while in a great number of cases the perfect form exists 
but the relationships have not been discovered. Many of our important 
plant pathogenes which were formerly known only from their imperfect 
stages have during the last 20 years been connected with their proper 
ascus or basidial stages. 


617 


618 


MANUAL OF PLANT DISEASES 


Classification. — Three large subdivisions of the imperfect fungi are 
recognized as follows: 

1. Hyphomycetaies or Moniliales. — The conidia are produced upon an undifferen- 
tiated mycelium or on specialized conidiophores, either single, fascicled or grouped into 
extensive layers or united to form coremia or sporodochia. Four groups with the rank 
of families are recognized : . 

1. Moniliacem . — Conidia from an undifferentiated mycelium, or on specialized 
conidiophores, single, fascicled or grouped into extensive layers. Mycelium and 
conidia generally clear or hyaline. 

2. Dematiaceoe . — Same as Moniliacese, except hyphae and conidia typically dark. 
d. StilbaceoB . — Spore fruit typically a coremium. 

4. Tuberculariacece.— Spore fruit typically a sporodochium. In the Stilbaceae 
and Tuberculariacese some species may produce the fruits characteristic of the Monilia- 
cese or Dematiacese when developed on certain substrata. 

n. Melanconiales. — Spore fruit typically an acervtdus. On certain media the 
Hyphomycetous type may be assumed. 

in. Sphseropsidales. — Spore fruit a pycnidium. Four groups with the rank of 
families are recogr^ed: 

1. Sph(jenoidace(B.-—"PjQmdisi. of varying shapes, globose, conic or lenticular, and 
membranous, carbonous or coriaceous, 

2. N ectrioidacece . — Pycnidia as in the Sphseroidaceas, but fleshy or waxy and light 
colored, 

2. Leptostromatojceoe , — Pycnidia irregular or shield -shaped, more or less dimidiate 
and black. 

4. Ezdpulacece.—Fymidisi cup-shaped, patellate or hysteroid, more or less globose 
at first, but finally widely open and MacA;. 

The most important genera of the Moniliacese, Dematiacese, Melan- 
coniales and Sphseropsidacese, together with the spore types, are indicated 
in the accompanying tabulation. ^ 

In addition to the genera listed in the accompanying tabulation, a few 
genera of other families contain important plant pathogenes. The 
following are of special interest: 

Siilbacece: 

Spores hyaline, single-celled : Stilbella, Coremium, Isaria. 

Spores dark, single-celled: Stysanus. 

Spores dark, one to several-septate: Isariopsis. 

Tuber cvdariaceos: 

Spores hyaline, single-celled: Sphacelia, Tubercularia, Tuberculina, Volutella, 
Illosporium. 

Spores dark, single-celled: Strumella. 

Spores hyaline, macroconidia one to several septate and straight or curved; micro- 
conidia smaller and generally non-septa te: Fusarium. 

Spores dark, several septate, straight or curved: Exosporium, Trimmatostroma. 
LeptostromafacecB: 

Spores hyaline, single-celled: Glceodes, Leptostroma, Leptothyrium, Melasmia. 
Spores hyaline, four-celled in the form of a cross, each cell -with a delicate appendage : 
Entomosporium. 

Spores linear or filiforfn, continuous or septate: Brunchorstia, Leptostromella. 
Rxci'imlaceoe: . ' \ 

Spores hyaline, one-celied: Amerosporium, Dothichiza, Sporonema. 
dlpcelia-sierilia: . / 

No spore stage known r Ehi2Joc1ionm,/Stilcmtiuni,,02:oiiLiihn. , , 
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HYALOBEMA 


TITAEA 




S-POHES HYALINE OR BRUHTCOiaREB 

Fig. 199.— Semidiagrammatic representation of the most important genera of Moniliaceae. 
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MACBpSPORIUM 


ALTeRNARlA 


SPORODESMIUM 


CERCOSPORA 


WVSTROSPORIUM 


STEMPHYLiUM 


CONIOTHECIUM 


SPONDYLO-CLADIUM 


HETEROSPORIUM 


HELMINTHOSPOPIUM 


CLASTEROSPORIUM 


SCOLECOTRICHUM CLAD^O 

polythrinci'um ^ a 


SPnqiUM 


CYCLOCONtUM 


PUSICLADIUM 


Hormodendrum- 


PERICONIA 


THIELAViOPSIS 


TORULA 


M0NILI0CHAETE8 


COWlOSPORlUM 


SPORES on CONIDIOPHORES orBUTH BARK 

Fig. 200. — Semidiagrammatic representation of the most important genera of Dematiaoea 
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SPORES FILIFORM 


CYLINDROSPORIUM 


CRYPTOSPORIUM 


SPORES TWO OR^ 

SEPTOQLOEUM I 


MORE SEPTATE 


-PESTAL0Z2IA 


MONOCHAETIA 


PESTALOZ21NA 


CORYNEJJM 


MABSSONIA 


DIDYMOSPORIUM 


SPORES COKTINUOU8 


NAEMOSPORA 


COLLETOTRICHUMi 


MELANCONIUM 

ill 


MYXOSPORIUMj^ 


SPOKES HYALINE • SPOKES SMOKY OB :BB0WM 

Fig. 201. — Semidiagrainmatic representation of the most important genera of 

Melanconiales. 
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Type of spore fruit 

Conidiophores single, fascicled or grouped into 
extensive layers 

Type' of spore 

Moniliacese, hyaline spores 

Dematiacese, dark spores 

Muriform 

Hyalodema 

Macrosporium 

Alternaria 

Sporodesmium 

Mystrosporium 

Stemphjdiuna 

Coniothecium 

Elongate-fusoid, ciavate or 
ffliform, continuous or one- 
to several-septate 

Cercosporella 

Cercospora 

Ovoid to cylindric, two- to 
many-septate. 

Septocylindrium 

Ramularia 

Piricularia 

Heterosporiuni 
Spondylocladium 
Ceratophorum ^ 

Helm inthosporium 
Stigmina 

Clasterosporiuin 

Two-cellcd or one-septate . . . 

Mycogone 

Didymaria 

Cylindrocladium 

Cephalothecium 

Scolecotrichum 
Polythrincium 
Cycloconium , 
Ciadosporium 
' Fusicladium 

Single-celled or continuous ... 

Sterigmatocystis 

Aspergillus'' 

Penicillium 

Botryosporium 

Oephalosporium 

Triehoderniji 

Verticillium 

Acrostalagmus 

Pellicuiaria i 

Botrytis 

Sporotrichum 

Acremonium 

Ovularia 

Fusidium 

Monilia 

Oospora 

Oidium 

Coniosporium 
i Moniiiochsetes 

Periconia 

Hormodcndrum 

Torula 

Thielaviopsis 
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publications dealing specifically or remotely with anthracnose. The monographic 
treatise of Schaffnit and Boning (1925) and the resistance tests of Rands and Brother- 
ton (1925) are the most recent important contributions. 

Geographic Distribution. — Anthracnose is world wide in its distribution, having 
been reported in either moderate or severe form from the various countries of Europe, 
from Japan and the Asiatic continent, from South Africa, Australia and New Zealand 
and from North and South America. In North America the disease has been reported 
from the extreme south to as far north as Alaska, but it is not a factor of commercial 
consequence in all parts of the United States. It seems to reach its greatest severity 
in the states east of the Rocky Mountains, and is frequently the cause of heavy 
losses from the Dakotas and Nebraska eastward to the Atlantic Coast. The preva- 
lence in the South is evidenced by the statement of Edgerton (1909) that it is the 
greatest drawback to the growing of beans in Louisiana. The scarcity of the disease 
west of the Rocky Mountains is evidenced by the practice of eastern seeds men in 
obtaining western-grown seed because of its relative freedom from infection. The 
rarity of the disease is responsible for the development of the bean seed-growing 
industry in Colorado and Idaho in recent years. Horne reports in 1921: ‘‘Very rare 
and unimportant in California.” Although eastern-grown seed has repeatedly been 
planted in Washington, no field development of the disease has been brought to the 
attention of the writer in 10 years’ experience. In visits to the large Seattle markets 
the writer has never been able to locate even traces of anthracnose. From these 
statements it appears that the West, particularly the Pacific Northwest, enjoys an 
unusual freedom from this serious disease of the eastern and southern United States. 

Symptoms. — The anthracnose affects directly all parts of the host 
except the roots (rarely) from the seedling stage to mature plants, but it is 
especially noticeable and characteristic on the pods. The first evidence 
on these is the appearance of minute brown or rust-colored spots in the 
epidermis, generally obliquely oriented with reference to the axis of the 
pod. They rapidly enlarge, the center becomes sunken and darker in 
color, almost black, while a rusty-brown, hazel-colored or even reddish 
border persists around the outside. 

As the pod matures, the lesion is marked at the edge of a canker by a slightly 
raised, black ring with a cinnamon-rufous to chestnut-colored border. The 
center of the spot is then somewhat light buff in color. Flesh-colored spore 
masses on the surface of a young canker dry down to gray, brown or even black 
granulations or to small pimples (Barrus, 1921). 

The lesions are generally more or less circular in outline, and range in 
size from mere specks to spots 1 centimeter or more in diameter. When 
cankers are close together or numerous there may be more or less fusion of 
spots and irregular or extended lesions may result. The spots are typi- 
cally sunken due to the drying up and collapse of the cells in the center, 
and, with the presence of the pink, sticky spore masses that develop dur- 
ing moist weather, have quite an ulcer-like appearance. Some lesions 
may be confined to the wall of the pod, while others penetrate the entire 
thickness of the endocarp and then involve the underlying seed. Early 
infections are more liable to penetrate into the seed, while later infections 
may remain more superficial. 




color or the pinkish spore masses; (2) lesions due to Rhizoctonia, quite 
similar to anthracnose, but genei’ally larger, without spore masses, and 
only affecting pods lying in contact with the soil; (3) invasions hj Sdero- 
tinia libeftiana^ which cause a soft, brown, moldy rot with internal or 
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Fig. 206. — Anthracnose on pods of beans. Pod at the left completely covered with 

anthracnose lesions. 


A number of other troubles cause pod lesions, which should be dis- 
tinguished from those caused by anthracnose: (1) blight lesions 
{Pseudomonas phaseoli), irregular and more extended water-soaked spots, 
extending along the dorsal suture or on the sides, but lacking the dark 
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external black sclerotia; (4) true rust mfections (Uromyces appendiculaUis), 
evident as pustules containing dusty, dark-brown spore masses. In 
addition, there may be some non-parasitic spotting or blotching of pods if 
they have been exposed to intense sunlight. 

On the stems the spots sometimes develop profusely. On young seedlings 
the spots are generally below or at the point of attachment of the cotyledons, 
due to the spores being washed down from the diseased cotyledons. On older 
plants, the spots are more scattered over the different parts of the stems. The 
spots appear quite suddenly on the stems and differ but little from those on the 
pods. However, they are, as a rule, elongated in the direction of the main axis of 
the stem. Sometimes, also, there are dark streaks extending up and down from 
the spots. These streaks are quite distinct near the spots, but gradually fade 
out in the healthy tissue of the host. The spots are black and slightly sunken, 
and, as on the pods, become covered with the pink, slimy exudate of spores. 
By coalescence, the spots may form large lesions 3 or 4 inches in length. As 
these large lesions grown older, they dry out and the tissue cracks. Often on 
young plants the disease becomes so bad that the stem completely rots and we 
have a damping-off effect. On older parts of the stem, when the tissue becomes 
hard, the spots rarely form; when they do they remain small (Edgerton, 1910). 

In leaf infections the lesions appear mostly on the veins and petioles. 
The latter may be so seriously affected that they are not able to support 
the leaf blade. Under normal field conditions the lesions on the leaf 
blades are confined to the veins of the lower surface, which become black 
in color and later show sunken areas, especially the larger veins. Leaf 
tissue adjacent to the infected veins may wither and turn brown, and 
later may become torn, giving a ragged appearance. Early attacks on 
young leaves may cause them to become twisted or crinkled. 

The other parts of older plants may become diseased, and lesions similar to 
those already described may appear on the branches of the plant and on the 
pedicels, the sepals and the bracts of the inflorescence. These parts of plants 
grown out of doors, however, become affected only during protracted periods of 
weather favorable to the organism (Barrus, 1921). 

The disease appears in the seed as yellowish, brownish or blackish 
spots, frequently quite evident on the white-skinned varieties, but 
generally very obscure on the dark-skinned varieties. The spots vary 
in size from mere specks to lesions involving half of the bean, and may or 
may not be sunken. The lesions frequently extend through the seed 
coat and involve the underlying cotyledons. In the young seedlings 
the black cotyledon lesions enlarge, become more depressed and develop 
sticky spore masses the same as the pod lesions. 

Effects and Economic Importance. — Bean anthracnose causes losses 
due to (1) reduced viability of infected seed; (2) poor stands due to death 
of affected seedlings; (3) reduced yields due to direct pod mfections or to 
retarded growth; and (4) poor quality of the harvested crop, either snap or 
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string beans or the threshed product. Infected seed may fail to germi- 
nate or the young seedlings may be killed before they emerge from the soil 
or soon after, with the result that poor stands are obtained. The dis- 
figured pods are unsalable as string beans, and this effect on quality is 
emphasized by the fact that “southern-grown beans, apparently healthy 
when shipped, frequently reach northern markets in a badly spotted 
condition, and if the disease is common in the field, pods kept over night 
after picking are likely to be rusted the next morning'^ (Barms, 1921). 
Dry beans from severely affected fields will be of poor quality because of 
the shrunken and spotted seed, and will suffer a certain percentage of 
dockage on the market to compensate for the inferior quality. 

While bean anthracnose has taken a certain annual toll since its 
appearance, its prevalence in many sections has been marked by periods 
of epiphytotic intensity in which enormous losses have been experienced. 
In the eastern United States there were epiphytotics during 1906-1908, 
from 1914-1915 and also in 1917. The loss in New York in 1915 was 
estimated as $700,000, while for the same year in Michigan a loss of 
$3,000,000 has been reported (Muncie, 1917). In Michigan between 1913 
and 1916, the growers and bean jobbers reported an average pick per 
bushel of 6 pounds, about 50 per cent of which consisted of anthracnose- 
spotted seed. Cases of individual fields showing losses of 100 per cent 
have been reported. It is believed that the continued planting of affected 
seed was one of the important factors in the production of epiphytotics, 
and that with care in seed selection epiphytotics will be less frequent. 

Etiology. — This disease is caused by Colletotrichum lindemuthianum 
(Sacc. & Magn.) Bri. & Cav., one of the imperfect fungi, belonging to 
the Melanconiales. The pathogene was first named Glceosporium 
lindemuthianum by Saccardo (1878), but setae were discovered in the 
acervuli by Scribner (1888) and the following year Briosi and Cavara 
proposed the present binomial. The earlier name is still used by some 
German writers (Lindau, 1923), perhaps with some propriety, since it 
has been shown that the presence or the absence of setae is not a constant 
character, and therefore not sufficient for the determination of generic 
position. In 1913 Shear and Wood reported that they had produced 
perithecia belonging to Glomerella in cultures obtained from bean pods, 
but the connection of these with the anthracnose fungus was never proved 
and it is doubted if there is any ascus stage. At least none of the other 
numerous workers have ever obtained perithecia either in nature or in 
cultures. 

The mycelium of the pathogene is localized in the tissue of a lesion 
and does not spread internally to other parts. After it makes a certain 
development it organizes the fruiting bodies, or acervuli, below the epi- 
dermis, in the center of the lesions. Each fruit consists of a stromatic 
layer from the surface of which are formed simple, erect, hyaline, con- 
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tiiiuous conidiophores, 45 to 55/x in length, packed closely together. 
Conidia are produced at the tips of the conidiophores and with their 
accumulation the epidermis is ruptured, while these conidia, held 
together by a mucilaginous secretion, form the pink, slimy masses which 
appear on lesions. In some cases stiff, pointed, unbranched, septate, 
brown hairs or setae, 30 to 90;u long, arise between the conidiophores or 
around the margin of the acervulus. These setae are more abundant in 
older fruits, and Kruger (1913) has been able to develop setose and non- 
setose cultures by varying conditions. The conidia have an average size 
of 15 by 5p but vary from 13 by 4.44 to 22 by 5.33ju, are hyaline (pink 
en masse), continuous, oval or oblong, straight or slightly curved and are 
produced in enormous numbers. A single lesion may bear a few to 50 



Fig. 207 . — Semidiagrammatic section of pod lesion due to Colleiotrichum lindemuihia- 
num, showing relation of the anthracnose fungus to the tissues of the bean. {After Whetzel, 
Cornell Bull. 256 , 1908 .) 

or more acervuli and these may continue to form conidia for a considerable 
period, producing new crops after the old spores have been washed 
away by rains. Edgerton estimated that as many as five hundred million 
to one billion spores may be produced on a single pod. 

Since the conidia are held together by a gelatinous coating, they are 
not wind-disseminated, but during rain periods they are separated from 
each other and washed away. Wind-blown rain or spattering ram drops 
or moisture on the surface of afifected structures may become filled with 
a suspension of spores, which may thus reach new host parts. On 
germination on a susceptible host a conidium produces a short germ tube, 
which oil coming in contact with the epidermis enlarges at the end and 
forms a brown, thick-walled, more or less angular cell, the appressorium. 
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This becomes closely attached to the surface by its mucilaginous envelope, 
and is apparently a device to facilitate infection, since the appressorium 
which is cemented to the cuticle soon produces a '^peg-like infection 
hypha’^ which grows out from its under surface and ruptures mechani- 
cally the cuticular layer, and then brings about swelling of the subcuti- 
cular layers, no doubt by enzymic action'' (Dey, 1919). The infection 
hypha after growing a short distance into the host, either within the 
subcuticular layers or within the cell invaded, produces a small enlarge- 
ment or vesicle, from which branches originate that spread through the 
tissue. Once within the cells the hyphae continue to advance (except 
in resistant varieties) and a typical lesion soon results. Under favorable 
conditions the first evidence of infection can be detected in 24 to 36 
hours and typical sporulating lesions may be formed in 4 ^ to 9 days, 
the variation being due largely to environmental factors and the suscepti- 
bility of the host. 

One of the most important features of the disease is the penetration of 
the pathogene into the seed, where it may pass the winter as a dormant 
mycelium, either within the cells of the seed coat or, in badly diseased 
seeds, within the cells of the cotyledons or as spores between the cotyledons 
or between the seed coats and embryo. The mycelium may sometimes 
be found as a cobweb-like growth between the seed coats and the cotyle- 
dons or between the cotyledons, and spores may be formed either on 
acervuli or without the organization of such fruiting bodies. Whatever 
the condition of the fungus in the seed, it resumes activity and soon 
becomes spore-producing when germination of the seed begins. The 
infested seeds are thus the most important sources of the first infections 
which appear in the fields. 

The first infection of young seedlings has been described as follows : 

The plumule, consisting of the young leaves, is, during germination, and for a 
short time thereafter, in intimate contact with the cotyledons. By capillarity 
and in other ways the water containing the suspended spores comes in contact 
with the now exposed under surface of the leaves. The stem may also become 
inoculated with spores that have been washed down from the cankers on the coty- 
ledons, especially the base of the stem just below the surface soil, where moisture 
conditions are favorable for the germination of the spores (Barrus, 1921). 

Infections may also take place from spores washed down into the soil 
by rains, either before the emergence of the seedlings or while they are 
still very young. After the initial infections new sources of spores become 
available and the disease will spread from plant to plant through the field. 
Spores may be disseminated by splashing rain drops, by contaminated 
drops of water that may be carried by the wind to healthy plant parts, by 
wet leaves being blown against one another, by the dripping of water from 
diseased parts to healthy structures — in fact, by any process which 
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transfers moisture from one part of the plant to another. Even the agita- 
tion of the vines by pickers soon after a rain or when wet with dew may 
serve to carry the spores to new locations and thus spread the disease. 

The question has been raised as to the longevity of the free conidia^ 
and tests have shown that they are not viable to any extent after 7 weeks. 
This would mean that disseminated conidia cannot carry the fungus over 
the winter, when mingled with the soil or if lodged on the surface of 
healthy seed. The behavior of the fungus on the old vines and pods is of 
special concern, for it seems that the fungus might be carried over on 
these in inactive fruits or by a dormant mycelium. Trials made by 
Muncie (1917) and by Barrus (1921) and some earlier workers have led 
to the conclusion that ^^the fungus is capable of living from one season to 
another, and even for two seasons, in old affected vines and pods, which 
may serve as a source of inoculation when carried to the field. While 
observations have shown that beans planted in fields which had produced 
a previous diseased crop became more severely affected than the previous 
crop, and that fertilizing with bean-straw manure has increased the 
amount of the disease, the opinion prevails that . infections from such 
sources are of minor consequence. 

Conditions Favoring Anthracnose. — The prevalence or severity of 
this disease is influenced by the temperature, moisture in the soil and air, 
rain and dew. The optimum temperature for the growth of the fungus 
ranges from 71.6 to 73.4®F. and the maximum has been given at 86 to 
93°F. The range of temperature at which infections will result has been 
given by Lauritzen (1920) as 57 to 80°F. In the South, according to 
Edgerton, the moisture and the temperature conditions which prevail in 
the early part of the growing season are favorable to infection and spread 
of the disease, but from June to August it is absent from the fields even 
with ample rainfall and when diseased seed is used, since the temperatures 
are close to or beyond the maximum endured by the pathogene. The 
temperature is undoubtedly the most important factor in excluding the 
disease from the Pacific Northwest, but here it is probably the low night 
temperature which prevents infection. These low night temperatures, 
coupled with scanty rainfall, meager dews and an abundance of sunshine, 
make it practically impossible for the anthracnose to develop even though 
diseased seed is planted. In the eastern United States the average cli- 
matic conditions are generally favorable for anthracnose, but the occurrence 
of epiphytotics can be explained largely by the increased rainfall through 
a period of years. In New York the disease reached a maximum in 1906. 
The 3 or 4 years previous to this date had been increasingly rainy and 
there had been a gradual increase in the severity of the disease. The 
season of 1906 was a very rainy one, especially when the beans were young 
and when the pods were forming, and the gradual increase in the disease in 
previous years had produced seed heavily infected, so that the two factors 
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favored the unusual severity of the epiphytotic. Late planting to pro- 
duce a fall crop in Louisiana has given practically a disease-free crop, 
while in New York it is claimed that ^Mater maturing beans are the most 
liable to damage from anthracnose, as weather conditions favorable for 
infection commonly occur during September (Barrus, 1921). 

It may be noted that conditions which permit the retention of mois- 
ture beneath the vines are particularly favorable for infection of the pods. 
For this reason a dense stand in moist soil promotes the disease, and drill 
planting is more favorable for it than check rows. 

Host Relations. — Anthracnose is primarily a disease of various varie- 
ties of common hesms (Phaseolus vulgaris L.), but it has been reported 
as affecting a few other species of the genus. Scarlet Runner and White 
Dutch Runner (P. mulUflorus Willd.) are only slightly susceptible, and the 
same is true of Lima beans (P. lunatus L.), although both dwarf or bush 
and pole varieties have been successfully infected. The tepary bean (P. 
acuUfoUus latifolius) has been severely infected when inoculated in the 
seedling stage, and slight infections have been obtained on P. aureus 
Roxb. At various times different workers have reported the occurrence 
of anthracnose on the cowpea {Vigna sinensis End!.), common peas 
(Pisum sativum L.), horse bean {Viciafdba L.) and jack beans (Dolichos 
spp.). In regard to these occurrences Barrus writes as follows: 

There are evidently but few species outside the genus Phaseoliis which are 
susceptible in any degree to anthracnose, and no plants except varieties of 
Phaseolus vulgaris are susceptible to such an extent that the disease becomes 
epiphytotic in regions where such plants are extensively grown. It is not unlikely 
that several strains of the pathogene exist, one capable of infecting P. multi fiorus 
or some of its varieties in a severe manner, another able to attack Vigna sinensis ^ 
and others attacking plants related to the bean, each being confined rather closely 
to the species, or even to certain varieties within the species, to which they have 
adapted themselves. 

At one time Colletotrichum lagenarium of the cucurbits was supposed 
to be identical with bean anthracnose, but later studies have shown that 
the two are distinct species. 

There are numerous reports indicating varying degrees of suscepti- 
bility of the common bean varieties to anthracnose. Some have been 
reported as resistant, while others have been listed as susceptible. 
In the light of recent investigations which have definitely established the 
occurrence of a number of physiological strains of the pathogene, many 
of these older reports are valueless. These physiological strains 
were recognized by Edgerton and Moreland (1916), and Barrus (1918) 
described two which he designated as alpha and beta. As a result of a 
comparative study of 300 varieties of beans and related species he 
recognized the following groups: (1) susceptible to both strains; (2) 
resistant to alpha, susceptible to beta; (3) susceptible to alpha, resistant 


641 


DISEASES DUE TO IMPERFECT FUNGI 

to beta; (4) resistant to both strains. Group 1 included 80 per cent of 
the wax bush varieties, 50 per cent of the green-pod bush, 40 per cent 
of the wax pole and 30 per cent of the green-pod pole, which would show 
that, generally speaking, the wax bush beans are the most susceptible. 
Five varieties were placed in group 4, of which Wells’ Red Kidney and 
•White Imperial were considered the most important. The former was 
immune to alpha and resistant to beta, while the latter was resistant to 
alpha and practically immune to Recently Burkholder (1923) has 
recognized a third biological strain originally isolated from the White 
Imperial, which he designates as gamma, and to which both Wells^ 
Red Kidney and White Imperial are very susceptible. In a recent study 
Leach (1923) has recognized eight biological forms as a result of com- 
parative inoculations with 15 cultures from different sources on 16 
differential hosts. He concludes that these forms are relatively stable, 
that the difference in spore sizes of the biologic forms is of no practical 
significance, and that host resistance is constant. 

Some progress has been made in the production of anthracnose-resist- 
ant varieties by crossing and selection. Burkholder (1918) was able to 
produce an anthracnose-resistant White Marrow by crossing the common 
susceptible White Marrow with the resistant Wells^ Red Kidney, and 
McRostie (1919, 1921) has accomplished similar results with the white 
pea bean, using Michigan Robust as the susceptible parent. They have 
shown that resistance to alpha, beta and gamma strains is dominant 
and governed by a single factor. 

Control. — A great many different control practices have been tried 
and recommended at various times, but most of them have proved either 
ineffective or only partially successful. The following may be mentioned : 
(1) seed disinfection; (2) sorting out the diseased seed by hand picking 
or by specific-gravity separation (flotation) ; (3) selecting seed from the 
field from anthracnose-free pods or maintaining a special seed plot for 
the production of the anthracnose-free seed; (4) regional selection or the 
procuring of seed from localities in which the anthracnose does not occur; 
(5) the avoidance of conditions favorable for infection or the dissemina- 
tion of the spores and growth of the pathogene, such as close planting, 
especially in drills, low, moist sites, picking or cultivating when the plants 
are wet with rains or dew, planting at the time of the year most favorable 
to the disease; (6) reducing or removing the sources of infection by the 
removal of affected seedlings from the growing crop or by removing and 
destroying the diseased vines in the fall; (7) spraying plants in the field 
or applying a fungicide to the picked pods before shipping to market; 
(8). rotation of crops to avoid residual contaminations; and (9) the selec- 
tion and breeding of disease-resistant varieties. 

While nearly all of these measures have given a certain amount of 
protection and may under certain conditions be used with profit, first 
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emphasis is placed on the production or use of anthracnose-free seed. 
Seed treatment with various disinfectants is ineffective and impractical 
because of the internal mycelium, which cannot be killed without injuring 
the seed, because soaking makes the seed unfit for machine planting unless 
dried, when many will slip their coats. Muncie (1917) obtained best 
results with a 30~mmute immersion in a 35 per cent solution of bleaching- 
powder, and by the formaldehyde sprinkle, but finally concluded that 
seed treatments with chemical solutions or with wet or dry heat were 
unsatisfactory. Spraying has yielded variable results in the hands of 
both growers and the experimenters, and many different fungicides have 
been tried. Some tests have been failures, while others have given a 
fair protection. Barrus ( 1921 ) concludes that 

Anthracnose and possibly blight may be kept in check by thoroughly spraying 
the plants with Bordeaux mixture, if the operation is begun soon after the plants 
have appeared above ground and continued at intervals of about 10 days until 
the pods are reaching marketable size. 

With seed disinfection shown to be ineffective, spraying of doubtful value 
from the standpoint of expense and various other practices of minor 
importance, the production and use of disease-free seed and the use of 
resistant varieties must be the refuge of the bean grower. 
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BRY ROT OF CORN 

Diplodia zeoe (Schw.) Lev. 

Dry rot of corn is a disease which causes a molding or rotting of the 
ears as its most serious aspect but also attacks the leaf sheaths and stalks 
of maturing plants and interferes with germination. It was first referred 
to as mold, moldy corn, mildew, rot and ear rot, but is now more generally 
known as dry rot. 

History and Geographic Bistribution. — Although the causal organism of dry rot 
was described by Schweinitz in his synopsis of Carolina fungi in 1834, it was not until 
1906 that dry rot was recognized as a disease of corn (Heald). It first came to the 
attention of the writer during a trip to western Nebraska to investigate the death of 
horses that were being pastured in corn fields. It was found to be very common in 
that section and suspicion was at once directed to it as the possible cause of poisoning 
of the horses. While a feeding test that was at once carried out showed no injurious 
results after moldy corn had been used as the exclusive grain ration for 2 months, it 
was soon realized that this disease of corn was one of considerable importance in the 
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corn-growing districts of the state. A study of the dry rot was made during the next 
2 years and a preliminary report was published in 1908 (Heald, Wilcox and Pool). 
The prevalence of the disease in Illinois about the same time lead to a study published 
by Burrill and Barrett a year later. The causal fungus was discussed by Reed in 
1910 as a possible factor in the etiology of pellagra and this was followed by a study by 
the same investigator (1913) of the effect of Diplodia zece and some other fungi 
upon the phosphorus compounds of maize. In the earlier paper '‘data were presented 
showing that following the growth of the fungus a toxic substance was generated in 
the maize which was believed to be similar to or identical with the 'pellagrozem' of 
Lombrosoj” but the main result of the latter work was the establishment of the fact 
that the dry rot caused a marked deterioration in the food value of affected maize. 
The disease was studied in South Africa in 1916 (Van der Bijl) and in 1919 Smith and 
Hedges presented evidence in favor of the systemic character of infections. The 
unusual prevalence of the disease in Iowa in 1921 and 1922 induced a detailed study 
of the disease in that state (Durrell, 1920-1923). The trouble is known as far south 
as Texas and has been observed rarely in the Pacific Northwest, but seems to make its 
maximum development in the corn belt from Nebraska eastward. It is now recog- 
nized as one of the important ear rots of corn. 

Symptoms and Elffects, — The dry rot readily attacks the ears and this 
is the phase of the disease that is most generally observed. In the early 
stages or in case of light attacks, no external evidence of the presence of 
mold can be detected. The kernels in such light attacks may have a 
healthy appearance, but if they are removed or the ear is brokeh in two, 
a thin, whitish coating of mold may be found covering the tips of the ker- 
nels, or white flaky masses may be seen on the exposed surfaces at the 
end of the broken cob. In heavier infections or more advanced stages the 
fungus may completely cover the ears with a very evident mold, which 
may not be noticeable until the ear is husked, or in certain cases the mold 
may penetrate the husks, so as to be readily evident on the exterior, and 
the husks ma}^ be discolored and matted together by the infesting mold. 
Molded ears may be more or less discolored, being grayish or dirty looking 
or even brown or almost black. In the more advanced stages of the rot 
the following characters are prominent: (1) The ear is very light in 
weight (over 50 per cent loss), shriveled and frequently stands erect when 
healthy ears are pendent from their weight; (2) the individual kernels are 
dull in color or have a dried brown appearance, are more brittle than 
normal ones and are more loosely attached to the cob; (3) minute black 
fruiting bodies may be found embedded in the flaky masses of mold 
between the kernels, in the sulci and on the surface of the corneous margins 
of the alveoli or on other parts of the cob, or even upon the husks or 
shanks of badly diseased ears. The presence of the black fruiting bodies 
is the most distinguishing mark of the disease, and should readily serve to 
separate the Diplodia or dry rot from other ear rots of corn. It should be 
emphasized that ears may be very lightly infected and even show no 
evidence of the parasite until seed is tested on the germinator. 

Early infections may cause small, shrunken ears of no value while less 
severe attacks produce ears of poor feeding quality. In severe attacks 
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the embryos are destroyed and kernels have lost their viability, while in 
more moderate attacks the viability is lowered or impaired/so that the 
corn is of no value for seed purposes. The ear rot does not necessarily 
stop with the maturing of the corn, but may continue to advance even 
after the corn is picked, especially if the ears are slightly soft or if they are 
subjected to moist conditions. 



Fig. 208. — Normal oar of corn, and two ears affected with dry rot. (From 22nd Ann 

Eept, Neb. Agr. Exp. Sta.) 

On the leaf sheaths the fungus produces reddish or purplish spots of varying 
size and shape, appearing after flowering of the corn plant. These lesions may 
extend down into the node of the stalk or up the leaf, killing and discoloring the 
midrib (Durreii, 1923). 

This condition was first described by Burrill in 1889, under the name 
of the purple sheath spot of corn and was attributed to a bacterial patho- 
gene, but Durrell has shown that the dry-rot organism is at least one of the 
causes of these discolorations. 

This disease affects 



646 


MANUAL OF PLANT DISEASES 


. . . other parts of the corn plant besides the ear and sheaths. The shank of the 
ear is frequently affected and white wefts of mycelium may be seen on it. More 
common, however, is the appearance of large numbers of fruiting bodies at the 
shank and nodes. In some cases the breaking of the shank is due to the presence 
of Diplodia, though not always. On the stalk the symptoms are much like 
those on the shank. Within the sheath, or its base, and around the node may 
often be found a white growth of the mycelium. This may extend over the 
internode as well. Infection at the nodes, particularly the lower ones, is often 
manifested as a water-soaked discoloration (Durrell, 1923). 

Diplodia-infested grains, when placed in a germinator, will soon show 
a superficial growth of whitish or tawny mycelium, and if such kernels 
had been planted in the field the fungus would have continued its growth 
and either prevented germination entirely or the seedlings would have 
made weak plants. Durrell has pointed out that the field stand of corn 
is definitely correlated with the per cent of kernels showing Diplodia on 
the germinator. 

The effect of dry rot may be summarized as follows : (1) the reduction 
in yield, due to severely infected ears which are discarded at picking time, 
to weakened plants as a result of nodal infections and to poor stands 
which result from the use of Diplodia-infected seed; (2) the lowering in 
market quality due to the inclusion in the harvested crop of partly molded 
or to slightly infected ears, which may suffer still further deterioration in 
storage; and (3) the lowering of quality for seed purposes because of the 
effect of the dry rot in reducing germination or causing seedling blight, 
thus causing thin stands (as much as 25 to 30 per cent reduction) . 

The importance of the disease in corn production may be realized 
from the study of Durrell, who reported that the losses in Iowa in 1921 
and 1922 ranged from 3 to 15 per cent of the ears at harvest and caused an 
average damage to seed corn of 11 per cent. A still further loss results 
from the nodal infection and weak plants grown from slightly infected 
seed/^ 

Etiology —Dry rot has been shown by pure culture inoculations to 
be due to Diplodia zem (Schw.) Lev., an imperfect fungus, which was 
formerly known only as a saprophyte on the old, dead stalks. Stevens 
records another species, D. macrospora Earle, from North Carolina. 
In addition, ear rots may be caused by bacteria and several other species 
of fungi. It is not a systemic disease, but infection is local, the principal 
points of infection being the silks, tips of ears, ear shanks and nodes, the 
two latter being considered the chief points of attack. The fungus may 
spread through the tissues from its point of entrance, and thus ears may 
be pervaded by mycelium that has grown upward from the node or from 
the shank or downward from the silks or ear tip. Infections take place 
after flowering and the fungus continues to grow more rapidly in the 
languid tissues of the maturing plant parts, and later continues its 
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Fig. 209. — Pycnid of Diplodia zece, showing copious production of brown, one-septate 
spores. (From 22nd Ann. Repf. Neb. Agr. Exp. Sta.) 


■Pycnid of Diplodia zeasr showing lobulated cavity, 
Agr, Exp, Sta,} 
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saproplij^tic life on the old stalks during the late fall or during the next 
season. 

The pathogene produces a single kind of fruiting body, pycnidia, 
which are the black bodies referred to in the descriptions of symptoms 
and effects. They are flattened spherical or pyriform, ostiolate, and 
produce large numbers of dark-brown, cylindrical to elliptical, obtuse, 
straight or usually curved, one- (rarely two-) septate pycnospores, 24 to 
33 by 5 to 5,2p. The pycnospores are extruded in amorphous masses 
or in tendrils which are apparently held together by a mucilaginous 
coating which readily dissolves in water causing their ready separation. 

The pycnidia on the ears are most frequently seated in the dense 
masses of white mycelium from which they originate and are formed by 
the interwoven and fused masses of hyph^B which constitute the wall, 
from the inner surface of which numerous, simple, hyaline conidophores 
are produced. These free pycnidia are generally larger and more 
irregular than those which are immersed in the tissues of stalks or other 
parts. They normally contain only a single lociile, but in some cases this 
may be more or less lobulated with a common ostiole. The immersed 
pycnidia are vertically compressed or flattened in many cases, and may 
have thicker walls than those produced in the mycelial felt on the ears or 
in cultures. 

The principal method of infection has been described as follows: 

Prior to the production of flowers by the corn plant the iigules of the leaf 
sheath clasp the stalk very tightly, preventing anything from slipping down 
inside the sheath. After flowering, however, the stalk has ceased elongating and 
the action of the wind on the leaves has by this time loosened the ligule and 
exposed the cavity of the sheath. At the same time masses of pollen fall and roil 
down the leaf into the sheath, together with such spores as they may carry along 
or which are blown in. In addition to the combination of the spores, and the 
stored food present in the pollen, a third factor of moisture enters. The sheaths 
of corn are frequently moist inside, even in dry weather holding condensed 
moisture in droplets, while in wet weather the^^ stand full of water, and often 
remain that way da^ys after a rain (Durreli, 1923). 

The pycnospores germinate and at first feed on the food furnished by 
the moisture, pollen and exosmosed sugar, and when this is gone the 
hyphae invade the tissues of the corn plant and cause the spots and 
blotches on the sheath which have previously been noted. These leaf- 
sheath invasions appear to be more frequent on the lower part of the 
plants, due probably to earlier opening of the lower leaf sheaths and to 
more favorable moisture conditions. That infections can take place 
through the silks has been proved by artificial inoculations, and this is 
undoubtedly one of the ways by which infection occurs under natural 
•conditions. Systemic infection from infected seed or systemic invasion 
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through the roots has been suggested, but Durrell obtained no evidence 
of such behavior. 

The principal method by which the pathogene is carried over the 
winter is undoubtedly in either the vegetative or fruiting condition on the 
old stalks or discarded ears. In the spring and summer old stalks bearing 
pycnids will show tendrils of spores following rain periods. In Illinois, 
“pieces of diseased stalks 1 and 2 years old have been found in July, 
August and September almost covered with black tendrils of Diplodia 
spores capable of quick germination” (Burrill and Barrett, 1909), and 
stalks almost 3 years old were found to produce some few pycnospores 
capable of germinating. Mature spores germinate in from 5 to 8 hours 
or longer, in culture media, by sending out a germ tube from or near the 



Fig. 211 . — A and B, spores of Diplodia and their germination; C, normal starch grains 
in outline; D, partially digested starch grains from embryo of kernel affected by dry rot; 
E, partially digested starch grains from endosperm. {From 22nd Ann. Repf, Neb. Agr. 
Exp. Sta.) ■ ' ' 

distal end of each cell of the spore. The minimum temperature for 
growth is between 10 to and the optimum between 28 and 30°C. 

It may be noted that favorable temperatures generally prevail in the 
corn belt at the season of the year when infections are probable. 

Wind is believed to be the principal agent in the dissemination of the 
spores. By means of slide spore traps Burrill and Barrett demonstrated 
that wind-borne pycnospores could be collected in considerable numbers 
at least 350 yards from an old field that had produced a diseased crop. 
While the spores may be carried to adjacent fields^ a crop oii contaminated 
ground will stand much better chances of infection. It has been shown 
that the fungus can grow in ordinary field soil containing organic matter, 
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SO it is possible that it can live in soil in a purely saprophytic manner, 
independent of old host remains. 

The dry-rot fungus is an active feeder, and is reported to produce 
numerous enzymes by which it digests the constituents of the host tissue 
which it permeates. It may be noted that it has the power to corrode 
and digest starch grains, and the 

. . . utilization of cellulose by the fungus is of particular interest, as the pene- 
tration and growth in the stalk and weakening, of the nodes are thus more readily 
understood. The survival of the organism in old stubble and trash, even though 
plowed under for several seasons, appears probable (Durrell, 1923). 

The pathogene can penetrate the cloth of rag-doll germinators and 
infect kernels of adjacent ears. It requires air for its growth, hence can- 
not be a factor in the spoiling or deterioration of ensilage which is cured 
under anaerobic conditions. 

Conditions Favoring Dry Rot.— Since dry rot appears in unusual 
amount in certain seasons only, its development must bear some relation 
to certain environmental factors. The studies of Durrell have shown 
that the moisture relation is the most important factor. The develop- 
ment of the disease in the field appears to be greatly favored by heavy 
rains in August and September, or during the period when the corn is 
approaching maturity. While abundant moisture earlier in the season 
may cause a few infections, later rains have the greatest effect. 

Certain other conditions must also accompany high precipitation in order to 
produce an epidemic of dry rot. These other conditions exist annually toward 
the end of the growing season and are as follows: First, there is a maximum of 
stored food in the corn plant; second, the rapid growth of tissues has ceased and 
the leaf sheaths have become loosened; third, the loose leaf sheaths afford lodg- 
ment for spores of Diplodia zece. The presence of water between the leaf sheaths 
and the stalk at this time initiates infection. In seasons when a plentiful 
water supply is available during this period (August), dry rot is prevalent (Durrell, 
1923). 

The later moisture relations are also of importance. In regions in 
which Diplodia is prevalent, it has repeatedly been observed that many 
ears may be infected without showing any external evidence of the disease. 
Such infected ears are, of course, harvested along with the disease-free 
ears. If infected corn that is still high in moisture content is stored so 
that it cannot dry out, or in open cribs exposed to rain, the dry rot will 
advance i^apidly, especially if warm weather prevails. If the corn con- 
tains sufficient moisture there will be a slow advance of the dry rot during 
the cooler periods, since growth will not be prevented until temperatures 
of 10 to 15*^0. have been reached. 

It may be noted that soil temperatures which usually prevail in the 
corn belt during the planting period and during the germination of corn 
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are close to the minimum for the growth of Diplodia. This is probably 
one of the reasons why seedlings are rarely attacked. 

The damage to seedlings by this fungus occurs before the seed is planted when 
the grain is still on the cob. There during the high temperatures of late siimmer, 
if moisture is sufficient, the dry-rot fungus destroys the endosperm or injures the 
embryo, so that when planted the seed is weak or dead. Some slight growth of 
the fungus can occur on the planted seed and set up a competition between Diplo- 
dia zece and the seedling for the consumption of the stored food of the endosperm. 
The low soil temperature, however, makes this growth comparatively slow 
(DurreH, 1923). 

Control. — In considering the prevention of this disease or reducing 
its damage to the least possible amount, the following features should be 
kept in mind: (1) The fungus on the old stalks is the principal source of 
the new infections; (2) the spores can be carried by the wind from a 
contaminated field to healthy plants in an adjacent field; (3) stalks 2 or 3 
years old which harbor the pathogene are still capable of producing viable 
spores; (4) seed corn may be infected with dry rot without external evi- 
dences of the disease; (5) such infected seed may give poor stands owing 
to failure to germinate or the plants which do develop may show a 
decreased height, slenderer stalks and a poorly colored foliage. 

In the light of the above, the control measures which are suggested 
are sanitation, crop rotation, care in curing and storing the harvested crop 
and extra care in the selection, storing and testing of seed corn. 

The sanitary practices which might be adopted consist of the collec- 
tion and destruction of the rot-infected ears at time of husking, the low 
cutting and hauling away from the field of the stalks or their destruction 
by burning or the avoidance of immediate return of manure that may 
contain infected stalks to ground that is to be planted to corn. Con- 
sidering the persistence of the pathogene on the old stalks, a 4- or 5-year 
rotation is more desirable than a short one. It is possible that, with such 
a long rotation and cultural practices designed to hasten the decay of the 
stalks, the sanitary practices might be ignored, but in case of a short 
rotation the amount of inoculum should be reduced as much as possible. 

'' Care should also be taken not to plant corn by the side of an old infected 
field, especially if the latter is upon the side from which come the prevail- 
ing summer winds'^ (Burrill and Barrett, 1909). 

The seed corn should be selected as soon as the ears are well filled and dented 
without regard to the time of frost. Seed ears should only be selected from green 
standing* stalks with sound shanks. After the seed has been gathered it should 
be cured in a dry, well-ventilated place, not exposed to the weather (Durreil, 
1923). 

In the spring previous to planting time germination tests should be 
made, so as to eliminate all diseased ears. u' 


652 


MANUAL OF PLANT DISEASES 


References 

Heald, F. D.: New and little-known plant diseases in Nebraska. Science, n. s. 27- 
624. 1906. 

Babrett, J. T.: Dry rot of corn and its causes. Science, n. s. 27: 212-213. 1908. 

Heald, F. D., Wilcox, E, M. and Pool, V. W.: The life history and parasitism of 
Diplodia zece (Schw.) L4v. Neb. Agr. Exp. Sta. Ann. Kept. 22 (1908): 1-7 
1909. 

Burrill, T. J. and Barrett^ J. T.: Ear rots of corn. 111. Agr. Exp. Sta. Bui. 133 * 
64-109. 1909. 

Reed, H. S.: The fungus, Diplodia, as a possible factor in the etiology of pellagra 
N. Y. Med. Jour. 91: 164. 1910, 

: The effect of Diplodia zem and some other fungi upon some phosphorus com- 
pounds of maize. N. Y. Med. Jour. 94: 1-8 (separate). 1913. 

Van dbr Bijl, P. A.: A study of the dry-rot disease of maize caused by Diplodia zeae. 
Union S. Africa, Dept. Agr. Sd. Bui. 7: 60. 1916. 

Smith, E. F. and Hedges, F.: Diplodia disease of maize. Science, n. s. 30: 60 
1919. 

Durrell, L. W.: A preliminary study of the purple leaf sheath spot of corn. Phyto- 
path. 10 : 487-495. 1920. 

Melhus, I. E. AND Durrell, L. W.: Dry rot of corn. Iowa Agr. Exp. Sta. Circ 
78: 1-8. 1922. 

Durrell, L. W.: Dry rot of corn. Iowa Agr. Exp. Sta. Res. Bui 77: 346-376 
1923. 

OTHER IMPORTANT DISEASES DUE TO IMPERFECT FUNGI 
Due to Species of Moniliales 

Blackheart or Rot of Pineapple (Thielaviopis paradoxa (d. Seyn) V. Hohn.). —Causes a 
destructive rot beginning at the stem end. The same fungus also causes the 
pineapple disease of sugar cane. Patterson, Flora W., Charles, Vera K. 
AND Veihmeyer, F. J. : II. Pineapple rot caused by Thielaviopis paradoxa. 
U, S, Dept. Agr., Bur. PL Ind. Bui 171 : 15-35. 1910. Howard, A.: On some 

diseases of sugar-cane in the West Indies. Ann. Bot. 17 : 373-401. 1903. 
Roldau E. F. : The soft rot of pineapple in the Philippines and other countries. 
Philippine Agr. 13 : 397-405, 1925. 

Skin Spot of the Potato (Oospora pustulans O. & W.). — Causes slightly raised or 
sunken, brown spots on the skin of the tuber. Owen, M. N.: The skin-spot 
disease of potato tubers. Kew Bui. Misc. hiformation 8(21) : 289-301. 1919. 

Millard, W. A. and Burr, S.: The causative organism of skin spot of potatoes. 
Kew Bui. Misc. Information 8: 273-287. 1923. 

Black Root and Leaf Blight of Lettuce (JBoirytis cinerea Pers.).— Causes dark stem 
lesions at or near the ground level and a blighting of the leaves beginning at the 
tips or margins. Stone, G. E.: The rotting of greenhouse lettuce. Mass. Agr. 
Exp. Sta. Bui 69: 9-12. 1900. Also important as the cause of disease in many 

other plants. Heald, F. D. and Dana^ B. F.: Notes on plant diseases in 
Washington. 1. Botrytis diseases. Trans. Amer. Mic. Soc. 43:136-144. 
1924. . . 

Texas Root Rot of Cotton (Phymatotrichutn omnivorum (Shear) Duggar). — This disease 
is characterized by a sudden wilting of affected plants, very commonly without 
previous dwarfing or without any warning symptoms of chlorosis. The foliage 
droops, turns brown and may remain banging for some days and later drop off, 
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leaving the bare, dead stalk. If the root of such an affected plant is carefully 
removed from the soil, the causal fungus will be evident on its surface as numerous 
yellowish or tawny strands or threads. The cortex of the killed root is soft and 
readily peels off from the central woody cylinder. Under certain conditions, 
especially of abundant moisture, wart-like bodies, or pseudosclerotia, may be 
present on the surface of affected roots. The disease generally appears in spots 
in the field and these may be circular or of varying form. Spots affected one year 
may not necessarily produce a diseased crop the next season. The root-rot 
fungus was considered as a sterile form until the conidial stage was 
described by Duggar (1916). This conidial stage was collected by the writer 
at Falfurrlas, Tex., in 1910, but was not at that time connected with the typical 
Texas root rot. The conidial stage develops on the ground near the margin of a 
zone of dying plants in the form of cushion-like, creamy or yellowish masses. 
This trouble on its various hosts is serious in Texas and occurs to a lesser extent 
in Oklahoma, New Mexico, Arizona, Mexico and Southern California, but is 
absent from the regions east of the Mississippi. According to Taubenhaus 
(1923), it is capable of attacking 31 different economic field crops, 58 different 
truck crops, IS different kinds of fruits and berries, 35 different kinds of forest 
trees and shrubbery, 7 different kinds of outdoor herbaceous ornamentals and 20 
different kinds of weeds.” The loss from root rot in Texas was estimated in 
1920 at 630,000 bales, or 15 per cent of the entire crop. The sources of loss are; 
(a) plants killed without reaching maturity; (6) reduced yield and inferior quality 
from plants which are killed when the bolls are partly developed; and (c) inferior 
quality of the lint from affected plants which remain alive during the entire 
growing season. The fungus is believed to winter over only on the roots of a 
living host. Dxjggar, B. M.: The Texas root-rot fungus and its conidial 
stage. Ann. Mo. Bot. Gard. 3: 11-23. 1916. Taubenhaus, J. J. and Kie- 

LOUGH, D. T. : Texas root rot of cotton and methods of its control. Tex. Agr. 
Exp. Sta. Bui. 307: 1-98. 1923. King, C. J.: Habits of the cotton root-rot 

fungus. Jour. Agr, Res. 26 : 405-418. 1923. (A basidial stage of the Texas 

root-rot fungus has recently been described as Hydnum omnivorum. See p. 806). 

Bud Rot of Carnations {Sporotrichum anthophilum Peck). — The disease is character- 
ized by a rotting of the petals and other organs enclosed by the calyx. Mites act 
as carriers of the fungus. Heal'd, F. D. : The bud rot of carnations. Neh. Agr. 
Exp. Sta. Bui 103: 1-17. 1908. Stewart, F. C. and Hodgkins, H. E.: The 

Sporotrichum bud rot of carnations and the silver top of June grass. N. F. 

/ {Geneva) Agr. Exp. Sta. Tech. But. 7 : 83-119. 1908. 

'■"^Potato "Wilt {Verticilliwn alboatrum R. & Ber.). — The cause of a wilt of tops and a 
bundle browning of the stem end of the tubers. Similar to Fusarium wilts. 
McKay, M. B.: Transmission of some wilt diseases in seed potatoes. Jour. Agr. 
Res. 21 : 821-848. 1921. Chandhuri, H.: A study of the grow'th in culture of 

Verticillium alboatrum R. & Ber. Ann. Bot. 37: 519-539. 1923. 

Blue Mold of Apples {Penicillium expansum Lk.). — This is the most widespread and 
destructive rot of apples in stored fruit. Brooks, Charles, Cooley, J. S. and 
Fisher, D. F.: Diseases of apples in storage. U. S. Dept Agr., Farmers' Bui 
1160: 15-16. 1920. Rose, D. H.: Diseases of apples on the market. U. S. 

Dept. Agr. Bui 1253: 1-24. 1924- Barnum, C. C. Stem-end rot of apples. 

Science, n. s. 66: 707-708. 1922. 

.. Leaf Mold of the Tomato (Cladosporium fidvum Cke.). — A rusty or cinnamon-brown 
mold common on tomatoes under glass or in the open in the warmer regions. 
Makemson, W. K.: The leaf mold of tomatoes caused by Cladosporium Julmyn 
Cke. Mich. Acad. Sci. Ann. Repl 20 : 309—348. 1918. Spangler, R. C. : 

Cladosporium fulvum. Bol Gaz. 78: 349-352. 1924. Hasper, E.; Biologic 

und Bekampung des Cladosporium fulvum Cooke auf Solanum lycopers-icum. 
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Zeitschr. Pflanzenkr. 36: 112-llS. 1925. Gardner, M. W: Cladosporium leaf 

mold of tomato: fruit invasion and seed transmission. Jour Aor ffps <?i • 

519-540. 1925. ■ v ■ rveo. jj. . 

Peach Freckle or Scab (Cladosporium carpophilum Thum.).— Causes sooty or dark 
spots on the fruit and also produces lesions on leaves and twigs. Keitt G W 
Peach scab and its control. U. S. Dept. Agr. But. 396: 1-66. 1917. ’ 

Stripe Disease of Barley (Helminthosporium gramineum (R.) Erik.), Net Blotch of 
Barley (H. teres Sacc.) and Late Blight or Spot Blotch of barley (H. sativum P. K 
& B.). Three different diseases of barley caused by species of Helmintho' 
sporium. Ravn, K.: Bol. Tid. 23: 101-327. 1900. Pammel L H King' 

C. M. AND Bakke, a. L.: Two barley blights with comparison of species^f 
Helminthosporium upon cereals. Iowa Agr. Exp. Sta. Bid. 116: 178-190 
1910. A Helminthosporium foot-rot of wheat has recently been kudied in 
Illinois. Stevens, F. L. : But. 111. Nat. Hist. Survey 14 (Art. 5) : 77-185 1922 

A foot-rot of wheat, rye and some wild grasses in Minnesota is caused by H 
sativum. Stakman, Louise J.: Minn. Agr. Exp. Sta. Bui. 191: 1-18. i92o' 

Drbchsler, Charles: Some graminioolous species of Helminthosporium' lour 
I Apr. fies. 24: 141-739. 1923. ‘ 

Leaf Mold, Ring Spot or Fairy Ring of Carnation (Heterosporium echinulatum (Berk ) 
Cke.).— Produces circular spots with concentric zones of the dark mold on leaves 
stems and calyx. Smith, W. G.: Gardener’s Chronicle 26 : 244r-245. 1886 

Atkinson, G. F.: Carnation diseases. American Carnation Society. 1893 
Silver Scurf of Potato (Spondylocladium atrovirens Harz).— Causes silvery blotches 
dotted with minute dark tufts of the fungus on the skin of the potato tuber 
Taubenhaus, J. J. : A contribution to our knowledge of silver scurf of the white 
potato. N. Y. Bot. Oard. Mem. 6: 549-560. 1916. Schultz, E. S.: Silver 

scurf of the Irish potato caused by S. atrovirens. Jour. Agr, Pes, 6; 339—350 
1916. 

Blast of Rice (Piriculana oryzm Cav.). — A serious disease of rice, causing lesions on 
leaf sheaths, at their bases and in the ^‘neck region’’ of the culm The lesions 
at the neck region cause the stem to break over, hence the name rotten neck.” 
Metcalf, H. : A preliminary report on the blast of rice. S, C, Aar Etti Rin 
Bui 121; 1906. Nishikado, Y.: Studies on the rice blast fungus! Ber 
Ohara Inst. Landw. Forsch. 1: 171-218, 1917, 

Leaf Spot of Beet (Cercospora beticola 8a.GG,),—A common and destructive leaf-spot 
disease of sugar beets, garden beets, chard and mangel-wurzels. Pool, V. W. 
AND McKay, M. B.: Relation of stomatal movement to infection by Cercospora ' 
behcola. Jour. Agr. Res. 6: 1011-1038. 1916. — Climatic conditions as 

related to Cercospora heticola. Jowr. Agr. Res. 6: 21-60. 1916. : Field 

studies oi Cercospora heticola. Pkytopath. 8: 119-136. 1918. 

Strumella Disease of Oaks and Chestnut (StrumeUa coryneoidea Saec. & Wint ) 

In this disease localized cankers may be developed which ultimatelv girdle the 
trunk or so weaken it that it may break in heavy winds, or a more diffuse type of 
pathogene produces numerous sporodoohia on the 
dead bark. Heald, F. D. and Studh.alter, R. A. : The Strumella disease of oak 
and chestnut trees. Pa. Deid. Forestry Bid. 10: 1-15. 1914. 

Wilt or Yellows of Cabbage (Fusarium conglutinans Woll.).— This is a serious disease of 
cabbage characterized by yellowing and dwarfing of affected plants. The 
pathogene may be so abundant in certain soils as to prevent the growth of 
eabbap. The control of the disease affords a striking illustration of the produc- 
tion of wilt-resistant strains by means of selection. Jones, L. R. and Gilman, 

• .. The control of cabbage yellows through disease resistance. Wis. Agr. 

xp. Bta. Bui 38: 1-69. 1915. Gilman, J. C,: Cabbage yellows and the 


DISEASES DUE TO IMPERFECT FUNGI 


655 


relation of temperature to its occurrence, Ann. Mo. Bot Gard. 3: 25”-8-:l. 
1916. Jones, L. R., Walker, J. C. and Tisdale, W. B.: Fusariuna resistant 
cabbage. Wis. Agr. Exp. Sta. Res. Bui. 48: 1-34. 1920, Manns, T. F.: 
Cabbage wilt and stem rot in Delaware. Del. Agr. Exp. Sta. Bui. 132 : 1-24. 
1922. Jones, L. R., Walker, J. C. and Monteith, J. J.: Fiisarium resistant 
cabbage: progress with second early varieties. Jour, Agr, Res. 30; 1027-1034. 
1925. 

Wilt of Flax (Fusarium Uni Bolley). — The presence of this fungus is responsible for 
many cases of ^‘flax-sick” soil and has been a limiting factor in the production 
of flax. Plants may be attacked previous to emergence from the ground or at 
any time later, and wilt and die. The disease is carried by the seed and formalde- 
hyde disinfection has been used with success. Bolley has had marked success in 
the selection of wilt-resistant strains. Bolley, H. L. : Flax wilt and flax sick soil. 
N. D. Agr. Exp. Sta. Bui 50: 27-60. 1901. Tisdale, W. H.: Flax wilt; a 

study of the nature and inheritance of wilt resistance. Jour. Agr. Res. 11: 
573-606. 1917. Jones, L. R. and Tisdale, W. B.: The influence of soil 

temperature upon the development of flax wilt. Phytopath. 12: 409-413. 1922. 

Anderson, A. K.: Biochemistry of plant diseases. The biochemistry of Fusa^ 
rium Uni Bolley. Univ. Minn. Studies Biol. Sd. 5: 237-280. 1924. 

Tomato Wilt {Fusarium ly coper sici Sacc.). — Wilt of tomatoes is a very serious disease, 
especially in the Middle Atlantic, Gulf and lower Mississippi Valley states, but is 
also prevalent in other sections from the Atlantic to the Pacific. It is character- 
ized by a yellowing, an upward and inward rolling of the leaves and whiting 
followed by death. Cross and longitudinal sections, especially at the base of the 
stem of infected plants, show a brown discoloration of the vascular bundles. 
The pathogene may also advance into leaves, fruit pedicels, fruits and even into 
the seeds. Much progress has been made in the development of wilt-resistant 
strains. Edgerton, C. W. and Moreland, C. C.: Tomato wilt. La. Agr. Exp. 
Sta. Bui. 174: 1-54. 1920. Elliott, J. A. and Crawford, R. F.: The spread 
of tomato whit by infected seed. Phytopath. 12: 428-434. 1922. Pritchard, 

F. J.: Development of wilt resistant tomatoes. U. S. Dept. Agr. Bui. 1015: 

1-18. 1922. Clayton, E. E.: The relation of temperature to the development 

of Fusarium wilt of the tomato. Amer. Jour. Bot. 10: 71-88. 1923. Scott, 

I. T.: The influence of hydrogen-ion concentration on the growth of Fusarium 
lycopersici and on tomato wilt. Mo. Agr. Exp. Sta. Res. Bui. 64: 1-32. 1924. 

Fusarium Wilt or Blight of the Potato {Fusarium oxysporum Schlecht). — This whde- 
spread soil fungus can attack any part of the potato plant and produce a wilting 
and death of the plant with or without rotting of roots, stems or tubers. Neither 
the vascular discoloration in the stem nor the stem-end browming of tubers are 
diagnostic characters of the disease, since the symptom may be absent in whit 
or may develop as a result of drought and high temperatures. Infection may 
take place through roots or seed pieces from the organism already in the soil 
or from infected seed, but the former method is the more frequent. Control 
of the disease cannot be accomplished by cutting off the discolored stem ends of 
seed tubers, but such discolored tubers are objectionable for seed purposes, as 
they are likely to produce weak plants. Macmillan, H. G,: Fusarium blight 
of potatoes under irrigation. Jour. Agr. Res. 16: 279-303. 1919. Bisby, 

G. R.: Studies on Fusarium diseases of potatoes and truck crops in Minnesota. 

Minn. Agr. Exp. Sta. Bui 181: 1-44. 1919. Edson, H. A.: Vascular dis- 
coloration of Irish potato tubers. Jour. Agr. Res. 20: 277-294. 1920. Mc- 

Kay, M. B. : Transmission of some wilt diseases in seed potatoes. J our. Agr. 
Res. 21: 821-848. 1921. Goss, R. W.; Relation of environment and other 
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factors to potato wilt caused by Fusarium oxijsporum. Neb, Agn Exp Sta 
Bui 23: 1-84. 1923. ' • • . , . .. 

Wilt of Cotton (Fusarium vasinfectum Atk.).— This disease of cotton frequently causes 
dwarfing, but discoloration of leaves, wilting and death of plants are responsible for 
heavy losses in the southeastern United States. The trouble generally appears 
in spots in a field and these may enlarge from year to year. Young plants may 
die or they may succumb at various stages of their growth. The disease has been 
called “Black root,^' since the roots of affected plants turn black. A brown or a 
black discoloration of the xylem in stems or other affected parts is a strong 
evidence of the disease. Wilt of cotton, watermelons and cowpeas was attrib- 
uted to an aseigerous fungus, Neocosmospora vasinfecta (Atk.) Smith, but more 
recent investigations have shown that the aseigerous fruits belonged to a sapro- 
phytic intruder (Higgins, 1911). Crop rotation and the use of wilt-resistant 
varieties are the accepted methods of control. Federal and state departments 
and private individuals have bred resistant varieties. The first production of the 
Bureau of Plant Industry was Dillon, but this has been largely replaced by Dixie 
a more desirable variety. Smith, Erwin F. : Wilt disease of cotton, watermelon 
and cowpea. U. S. Dept Agr,, Div, A^eg, Phys, <& Path, Bui 17: 1-53. 1899. 

Higgins, B. B.: Is Neocosmospora vasinfecta (Atk.) Smith the perithecial stage of 
the Fusarium which causes cowpea wilt? C. Agr, Exp, Sta, A 7 m, Rept 32: 
100 - 116 . 1911. Lewis, A. C. and McLendon, E. A.: Cotton variety tests for 
boll weevil and wilt conditions in Georgia. Ga, State Bd. Ent Bui 46: 1-36. 
1917. Gilbert, W. W.: Cotton diseases and their control. U. S. Dept Agr. 
Farmers^ Bui 1187, 1-32. 1921. Elliott, J. A.: Cotton wilt, a seed-borne 

disease, Jnw. A /fes. 23; 387-393. 1923. 

Due TO Species OF Melanconiales 

Anthracnose of Grape (Glaosporium a^npelophagwm Sacc.).— The cause of stem lesions 
and fruit infections giving rise to the popular name of “bird’s-eye disease.” 
Shear, C. L.: Grape anthracnose in America, hit Cong. Vit Rept 1915: 
111-117. 1916. Castella, F. de and Brittlebank, C. C.: Anthracnose or 
black spot of the vine. Jour. Dept Agr. Victoria 15 : 404-421. 1917. Reported 

aseigerous stage, Manginia ampelina V. d: P. 

Citrus Scab (Giceosporium fawcettii (Jenkins). — This is an important citrus disease 
of the Gulf states and many foreign countries, which produces its characteristic 
lesions on leaves and fruits, and to a lesser extent on young succulent twigs. 
Winston, J. R.: Citrus scab: Its cause and control. U. S. Dept Agr. Bui 
1118: 1-38. 1923. Peltier, George L. and Frederich, W. J.: Relation of 
environmental factors to citrus scab caused by Cladosporimn citri Massee. Jour. 
Agr. Res. 28; 241-254. 1924. Jenkins, Anna E.: The citrus scab fungus. 

Phytopath. 16: 09-104. 1925. Changed from Cladosporimn citri Fawcett 

(not Massee) to the form genus Sphaceloma. 

Superficial Bark Canker of the Apple (Myxosporium corticolum Edg.). — Common as 
^e cause of cankers on apples and pears in northeasteni states’ Edgerton, 

C. W.: Tw^o little-known Myxosporiums. Ann. Myc. 6: 47-52. 1908. Gil- 
christ, G. G.: Bark canker disease of apple trees caused by Myxosporium 
corticolum Edg. Trans. Brit Myc. Soc. 8: 230-243. 1923. 

Anthracnose of Cucurbits (Colletoinchum lagenaHum (Pass.) Ell. & Hals.).— This 
disease is characterized by discolored or sunken spots on leaves, stems and fruits 
o cucumbers, muskmelons and watermelons, besides several non-economic hosts. 
Gardner, M. W.: Anthracnose of cucurbits. U. S. Dept Agr. But 727: 1-68. 
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Wither Tip of Citrus Plants (CoUetoinchuM gloeosponoides Penz.). — This trouble affects 
leaveSj twigs and fruits. In all citrus fruits except limes it is connectecl with a 
dying back of twigs and branches. It has been reported to cause much of the tear 
staining or tear streaking of various varieties, but this relation has been disputed 
and tear stain, at least under Florida conditions, attributed to the work of rust 
mites. It is also associated with the anthracnose spotting and storage rot of 
fruit. Fawcett, H. S. : Citrus diseases of Florida and Cuba compared with those 
of California. Cal Agr. Exp. Sta. Bui 262: 153-210. BmoER, O. F.: Varia- 
tions in Colletotrichum gloeosponoides. Jour. Agr. Res. 20: 723-736. 1921, 

Winston, J. R.: Tear stain of citrus fruits. U. S. Dept. Agr. Bul BM: 1-12. 
1921. 

Anthracnose or Ring Spot of Lettuce (Marssonina panattoniana (Berl.) Magn.). — This 
disease is characterized by brownish sunken spots on midribs and petioles of the 
leaves and by dead spots in the leaf blade, 'which soon fall away, leaving perfora- 
tions. The disease appears in the field and under glass, and is more severe in a fail 
seeded crop than in spring seedings. The pathogene has been found on over- 
wintering rosettes of wild lettuce (Lactuca scariola). — Bbandes, E. W.: Tom. 
Agr. Res. 13: 261-280. 1918. Salmon, E. S. and Wobmald, H.: The “ring 

spot’' and rust disease of lettuce. Jour. Min. Agr. Gt Bril 30: 147-151. 1923. 

Blight of Stone Fruits {Coryneum beijerinckii Oud.).- — This trouble has sometimes 
been called California blight because it was first studied in this country in Cali- 
fornia. It is probably identical with the pustular spot of the eastern United 
States and has long been known in Europe and other foreign countries. It causes 
a leaf spot and shot holing, twig spots on 1-year-old shoots, with frequent invasion 
of adjacent buds, cankers on older branches and spotting or rotting of fruit. The 
final result may be more or less defoliation, dieback of shoots and dropping or 
disfiguring of the fruit. It affects peaches, apricots, plums and cherries. Fruit 
lesions on cherry differ from those on peaches and apricots by being fewer (one or 
two) and causing a drying of the, tissue to the pit or a spreading infection that 
involves the entire fruit or a large portion of it. Smith, R. E.: .California peach 
blight. Cal Agr. Exp. Sta. Bui 191 : 73-98. 1907. Cordley, A. B. and Cate, 
C. C.: Spraying for peach fruit spot. Ore. Agr. Exp. Sta. Bui 106: 4-15. 
1909. Parker, Charles: Coryneum blight of stone fruits. Howard Rev. 
2: 1-40. 1925. 

Leaf Spot of Cherries and Plums (Cylindrosporium spp.). — These imperfect fungi are 
stages in the life cycle of Coccomyces sps. (See special treatment of Cherry Leaf 
Spot, p. 511.) 

Due to Species of Sph^eopsidales 

Apple Blotch {Phyllosticta solitaria E. & E.). — This important apple disease of the 
Ozarks and the central Mississippi Valley is characterized by the production of 
lesions on leaves, fruits and spurs, twigs or branches. The leaf spots are small, 
irregular or angular, light brown or yellowish, 1 to 2 millimeters in diameter and 
each produces one to several pycnidia. The fruit lesions appear as dark or nearly 
black blotches marked by irregular, jagged or fringed margins. Minute black 
pycnidia appear in the center of the blotch. Minute discolored spots each 
bearing several pycnida appear on the 1-year-oid wood. On the older branches 
the bark of the cankers is roughened and cracked. Scott, W. W,, and Rorer, 
J. B.: Apple blotch, a serious disease of southern orchards. U. S. Depl 
Agr., Bur. PI Ind. Bui 144: 1-28, 1909. Lewis, D. E.: The control 

of apple blotch. Kan. Agr, Exp. Sta. Bud. 196: 520-574. 1913. Roberts, 

J. W.: Apple blotch and its contrbL U* S. Dept. Agr, Bui 534; 1-11. 1917, 
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Selby, A. D.: Apple blotch, a, serious fruit disease. Ohio Agr. Exp. Sia. Bui. 
333: 487-505. 1919. Gardner, M. W., Greene, L. and Baker, C. E.: 
Apple blotch. Ind, Agr. Exp. Sta. Bui. 267: 1-32, 1923, Guba, E. F.: 
Phyllosticta leaf-spot, fruit-blotch and canker of the apple; its etiology and 
control. Phytopath. 14: 234r-237. 1924. Also III. Agr. Exp. Sta. Bui.- 

481-551. 1925. — — Pathologic histology of apple blotch. Phytopath. 14:1 

558-568. 1924. 

Fruit Spot of Apple {Phoma pomi Pass.).- — This disease is characterized by the forma- 
tion of minute spots, generally centering at the fruit lenticels. When young, the 
lesions are of the same color as the skin of the fruit but darker, while with age they 
become dark red, brown or black and somewhat sunken. The lesions are rela- 
tively superficial, but W’ith age cause a discoloration of the tissue beneath the 
skin, and minute spore fruits appear in the center of the spot or are radially 
arranged. The causal fungus first produces a Cylindrosporium stage, which is 
followed by the Phoma stage. The fruit spot is a disease that is rather general 
throughout the northeastern United States. Brooks, Charles: The fruit spot 
of apples. N. H. Agr. Exp. Sia. Rept. 19-20: 332-365. 1908. Brooks, 

Charles and Black, C. A. : Apple fruit spot and quince blotch. Phytopath. 2 : 
63-72. 1912. Thomas, R.C.: A new fruit spot of the apple, Brooks' spot. Ohio' 

Agr. Exp. Sta. Mo. Bui. 8 : 91-96. 1923. 

Blackleg of Crucifers {Phoma lingam (Tode) Desm.). — ^Lesions appear on the stems 
near the ground and these soon become sunken and dark, hence the name black- 
leg. Lesions may be formed on petioles and leaves and these generally bear 
numerous minute black pycnidia. Seedlings may collapse while still in the seed 
bed, or the disease may not be apparent until the plants have become established 
in the field. The pathogene persists in the soil and may be carried by the seed. 
Henderson, M. P.: The blackleg disease of cabbage caused by Phoma lingam 
(Tode)Desm. Phytopath. 8: 379-431. 1918. Walker, J. C.’: Seed treat- 

ment and rainfall in relation to the control of blackleg. U. S. Dept Agr. But 

1029 : 1-27. 1 922. : The hot-water treatment of cabbage seed. Phytopath. 

13: 251-253. 1923. 

Tomato Fruit Rot {Phoma destructim Plow.). — This disease is of most concern because 
of its effect on the fruits, but leaf spots also accompany the trouble. Lesions 
appear on either green or ripe fruit, and are evident as brown or almost blackish 
depressed spots 1 to 3 centimeters in diameter, upon which dark pycnidia may be 
formed. On fruit in storage or in transit to market, the causal fungus may form 
a superficial growth of dirty-gray, fluffy mycelium and the fruits may be ruined by 
the spread of the pathogene. This fruit rot is most prevalent in Cuba and the 
southern United States, and frequently causes heavy losses on shipments to the 
northern states. Jamieson, C. O. : Phoma dcstriictiva, the cause of a fiuit rot 
of the tomato. Jour. Agr. Res. 4: 1-20. 1915. Link, G. K. H. and Meier, 
F. C.; Phoma rot of tomatoes. U. S. Dept Agr. Circ. 219: 1-5. 1922. 

Eggplant Blight {Phomopsis vexans (Sacc. & Syd.) Hart.). — Three types of injury 
are caused by this disease: {a) damping-off or seedling stem blight of young 
seedlings due to attacks of the fungus for an inch or more above the soil level; 
(5) brown leaf spots, 2 millimeters to 2 to 3 centimeters in diameter, of round, 

. oval, oblong or irregular shape; (c) fruit lesions appearing at first as circular, 
depressed, discolored areas of rotted tissue which may advance rapidly until the 
entire fruit is rotted. Pycnidia may appear on the killed tissues and are espe- 
cially abundant in the fruit lesions, appearing first at the center and then over the 
entire surface of the fruit, which later becomes a more or less shriveled black 
mummy. Two types of spores are produced : (a) pycnospores of the Phoma type, 

5 to 8 by 2 to 2.Sp and two-guttulate; and (6) filiform, cuiwed stylospores 13 by 
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28m- Harter, L. L.: Fruit rot, leaf spot, and stem blight of tlie eggplant caused 
by Phomopsis vexans. Jour. Agr. Res. 2: 331-338. 1914. Edgerton, C. W. 
AND Moreland, C. C.: Eggplant blight. La. Agr. Exp. Sta. Bui 178: 1-44. 
1921. . 

Melanose and Stem-end Rot of Citrus Fruits {Phomopsis dtn Faw.).— Both of these 
troubles are due to the same fungus, melanose resulting at any time when condi- 
tions are favorable and there is a flush of growth, while stem-end rot occurs only 
when the fruit is approaching maturity or has reached maturity. Melanose has 
the same general appearance on leaves, stems or fruits and results in the formation 
of small hard, raised, reddish-brown spots or specks, scattered over the surface 
of leaves or fruits. In general, these spots are round with a smooth, glazed 
surface. In slight attacks the spots may be so widely scattered as to escape 
notice, while in severe cases the surfaces may be thickly studded with small spots 
or specks” (Stevens, 1918). The stem-end rot leads to injury to the fruit in two 
ways: (a) by causing dropping and rot either before or after maturity on the 
tree; and (b) by causing a softening and rot in transit to market or while being 
held for sale. JNText to the blue and green molds, this decay is the most common 
and troublesome rot in Florida during certain seasons, when conditions are right 
for its development” (Fawcett, 1915). Fawcett, H. S.: Stem-end rot of citrus 
fruits. Fla. Agr. Exp. Sta. Bui. 107: 1-23, 1911. Floyd, B. F. and Stevens, 

H. E.: Melanose and stem-end rot. Fla. Agr. Exp. Sta. Bui 111: 1-16. 1912. 

Fawcett, H. S.: Citrus diseases of Florida and Cuba compared with those of 
California. Cal Agr. Exp. Sta. Bui. 262: 151-211. 1915. Stevens, H. E.: 

Melanose II. Fla. Agr. Exp. Sta. Bui 146: 102-116. 1918. Winston, 
J. R. AND Bowman, J. J.: Commercial control of melanose. U. S. Dept. Agr. 
Circ. 269: 1-8. 1923. Winston, J. R., Fulton, Harry, R. and Bowman, 

J. J.: Commercial control of citrus stem-end rot. UlS. Dept. Agr. Circ. 293: 
1-10. 1923. Burger, 0. F., Debusk, E. F. and Briggs, W. R.: Preliminary 

report on controlling melanose and preparing Bordeaux-oil. Fla. Agr. Exp. 
Sta. Bui 167: 123-140. 1923. 

End Rot of Cranberries {Fusicoccum putrefadens Shear).— The rot caused by this 
organism generally begins at either the stem end or the blossom end, hence was 
named the “end rot.” In the inception of the trouble there is a softening of the 
tissues accompanied by discolorations and affected fruits are finally transformed 
into dark, dry, shriveled mummies. It is a serious storage rot of the cranberry. 
Shear, C. L.: End rot of cranberries, Ad grr. Res. 11: 35-42. 1917. 

Stevens, N. E. : Temperatures of the cranberry regions of the United States in 
relation to the growth of certain fungi. Jour. Agr. Res. 11: 521-529. 1917. 

Stevens, N. E. and Morse, F. W.: The effect of the end-rot fungus on cran- 
berries, Amer. Jour. Bot. 6: 235-241. 1919. 

Canker {Cytospora chrysosperma (Pers.) Fr.). — Typical cankers are formed on twigs, 
limbs or trunks which may be girdled. Pycnidia are formed in abundance and 
there is a copious protrusion of reddish-yellow spore horns following rains or 
during humid periods. The pathogene affects both poplars and willows. Long, 
W. H.: An undescribed canker of poplars and willows caused by Cytospora 
chrysosperma. Jour. Agr. Res.^ 13: 331—345. 1918. Leach, J. G.: Poplar 
canker. State Enl Colo. Ann. Rept. 11 {Circ. 28): 46. 1920. 

Citrus Knot {Sphceropsis tumefaciens Hedges).— In this trouble of limes and oranges, 
knots varying from to 2 or 3 inches in diameter may be formed on twigs or 
branches. The galls are generally round, but in some cases an eruption may be 
formed extending parallel to the axis of a branch for several inches. The galls 
are at first smooth but with age become rough and fissured. Groups of branches 
may be formed from the knots on lime trees, giving rise to typical “witches 
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brooms,” tbe shoots of which may also develop knots. Pycnids of the fungus 
develop on the knots or on the dead bark of adjacent parts. The disease was 
first reported from Jamaica, but has since been studied in Florida. Hedges, F. : 
Spimropsis tumefaciens Nov. Sp., the cause of the lime and orange knot. Phyto- 
path. 1 : 63-65. 1911. and Tenny, L. S.: A knot of citrus trees caused by 

Sphmropsis tumefaciens, U. S. Dept. Ayr., Bur. PI. Ind. Bui. 247: 1-74. 1912. 

Stevens, H. E.: Florida citrus diseases. Fla. Agr. Exp. Sta. Bui. 150: 87-90. 
1918. 

Diplodia Disease of Citrus (Diplodia natalensis Evans). —This disease causes injury 
in two different ways: (a) by a killing of the bark of branches of all sizes, accom- 
panied by the oozing of gum; and (b) by causing a stem-end rot of the[fruit similar 
to that caused by Phomopsis citri. Localized or extended lesions may be formed 
on large branches, or small branches may be killed back for some distance. The 
fruit rot can be distinguished from the Phomopsis rot by the darker color of the 
affected tissue. The disease was first studied in South Africa and has been 
reported from Cuba and Florida. Evans, I. B. P.: Transvaal Dept. Agr. Set. 
Bui. 4: 1910. Fawcett, H. S.: Citrus diseases of Florida and Cuba compared 
with those of California. Cal. Agr. Exp. Sta. Bui. 151-211. 1915. 

Chrysanthemum Ray Blight {Aseochyia chrysanthemi Stev.). — The blighting of the 
corolla of the ray flowers resulting in poorly developed, discolored, one-sided 
heads is the most characteristic feature of this disease. ^Hf the case be severe, 
and a bud be attacked while still young, no rays will develop; the head will not 
open.” Lesions may also be produced on the stems, and adjacent leaves may be 
involved. Stevens, F. L. : Chrysanthemum ray blight. 44: 241-258. 

1907. 

Stem Rot and Leaf Spot of Clematis {Ascochyta clemaiidina (Thlim.) Gloy.).— This 
disease may be evident as a stem rot alone or as a leaf spot and a stem rot. The 
fungus may advance down the petiole into the stem and by its growth it may 
girdle and kill the stem, or independent internodal infections may have the same 
effect. Pycnidia may be produced on either leaf or stem lesions. Gloyer, 
W. 0.: Ascochyta clematidinaj the cause of stem rot and leaf spot of Clematis. 
N. Y. {Geneva) Agr. Exp. Sta. Tech. Bid. 44: 1-14. 1915. 

Hard-rot Disease of Gladiolus {Septoria gladioli Passer). — This disease is character- 
ized by the production of lesions on the leaves, but those on the conns are of most 
concern. Seedlings and plants from cormels are more susceptible to leaf infection 
than older plants, the spots being reddish brown and more or less circular or with 
straight sides when the advance is limited by the midrib. Older lesions show 
light-gray centers with numerous pycnidia, surrounded by a zone of purplish 
brown to black. The final result on the corms is the production of sunken, 
dark or almost black spots of variable form and size with definite margins. 
The spots may be few or numerous and adjacent lesions may coalesce to form 
larger ones. The extreme effect may be the reduction of the conn to a hard, 
shriveled and wrinkled black mummy. Affected bulbs, if planted, may produce 
dwarfed plants which sometimes fail to blossom. Massey, L. M.: The hard-rot 
disease of the gladiolus. Cornell Vniv. Agr. Exp. Sta. Bui. 380: 151-181. 1916. 

Tomato Leaf Spot {Septoria ly coper sid Speg.). — While this disease is called the leaf 
spot, it also produces similar lesions on stems, calyx and flower pedicels and more 
rarely on young fruits. The circular, brownish or grayish leaf spots vary in size 
from that of a pinhead to several millimeters in diameter, and may be few in 
number or so numerous as to coalesce and completely blight the affected leaves. 
The heavy early defoliation which faults in regions in wdiich the disease prevails 
causes enormous annual losses due to reduction in yield and also to lowered 
quality of the fruit. The parasite has a narrow range of sporulation tempera- 


DISEASES DUE TO IMPERFECT FUNGI 


061 


tiires, viz.^ 59 to 80.5®F., hence is unimportant except in certain parts of the 
Middle Atlantic and Middle Western states. The parasite lives over winter on 
dead leaves and vines of the tomato and can also survive on the dead remains of 
various crops. It can live as a parasite on various other species of Solan- 
acese, such as common nightshade, horse nettle, ground cherry and jimson weed. 
Hence sanitary measures are of importance to supplement other control prac- 
tices. Levin, Ezra: The leaf-spot disease of tomato. Mich. Agr. Exp. Sta. 
Tech. Bui. 25: 7-51. 1916. Coons, G. H. and Levin, Ezra: The leaf-spot 

disease of tomato. Mich. Agr. Exp. Sta. Spec. Bui. 81: 1-15. 1917. Martin, 

W. H. : Studies on tomato leaf spot control. N. J. Agr. Exp. Sta. But. 346 : 1-42. 
1920. Muncie, J. H, : Tomato leaf spot and experiments with its control. Pa. 
Agr. Exp. Sta. Bui. Ill i Z~2Z. 1922. Pritchard, F. , I. : The control of tomato 

leaf spot. U. S. Dept. Agr. Bui. 1288 : 1-18. 1924. 

Eui*opeaii Canker of Poplar (Dothichiza populea S. & B.). — This is a recent introduc- 
tion from Europe which affects several species of poplars and cottonwood. 
Cankers are formed upon trunk or branches, follow'ed by death of parts distal 
to the girdled zone. Hedgcock, G. G. and Hunt, N. R.: Dothichiza populea in 
the U. S. MycoLogiaZi Z0G~Z0%. 1916. Detmbrs, Freda: Dothichiza canker 

on Norway poplar. Phytopath. XZ: 245-247. 1923. 


CHAPTER XXIV 


DISEASES DUE TO SMUT FUNGI 
USTUAGINALES 

The smut fungi have received their common name because of sooty- 
bJack spore masses or sori which are characteristic of many of the species. 
Not only are the spore masses generally black, but in a very large number 
of cases they break up into a fine dust-like powder, the individual spores 
or spore groups, which are readily dissipated by the wind. The smut 
fungi are all obligate parasites, although they produce a stage that 
develops independent of the host. 

Hosts and Economic Importance. — The smut fungi attack many wild 
and cultivated hosts, but the species of most economic importance are 
those affecting the cereals — wheat, oats, barley, rye, corn, rice, sorghum 
varieties — and wild and cultivated grasses. A few other economic plants 
are also affected by smuts — ^for example, the onion, spinach and sunflower. 
The agricultural importance of the smut diseases is due (1) to the exten- 
sive and worldwide cultivation of the cereals; and (2) to the fact that the 
parts most frequently destroyed by the smuts are either the grains or the 
entire inflorescence, thus causing either “kerner^ or ^Toose smut,^^ 
although less frequently the foliage may be invaded, with the production 
of “flag smut.^^ As a result of smut, heavy losses of cereal crops are 
experienced with marked reduction in yields and with a product of 
lowered quality. 

General Characters. — The smut fungi cause either systemic or 
localized infection, that is, the mycelium of a smut pathogene may grow 
throughout the tissues of the plant from the seedling stage to maturity, or 
the mycelium may be localized in certain aerial parts. The characteristic 
features of the order are: (1) the formation of simple or grouped resting 
spores (chlamydospores), which generally accumulate in black powdery 
masses or sort; (2) the germination of the resting spores to form either a 
promycelium (indirect germination), or an infection thread or hypha 
(direct germination); and (3) the budding of the secondary spores, or 
sporidia, in either soil moisture or nutrient solutions to form either 
yeast-like forms or secondary sporidia of a different type. In a few cases 
conidia are formed on the surface of affected parts, Mt this method of 
reproduction is uncommon (e.g., Entyloma spp.). 

In the indirect germination of the resting spores two types of promy- 
celia are formed; (1) a two- to four-septate hypha with elliptical or oval, 
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uninuclear sporidia^ or secondary spores, which, bud out from the distal 
end of each cell (Ustilago type); or (2) a long or short continuous liypba 
which produces a crown or whorl of sporidia, or secondary spores j from its 
free end (Tilletia type). The sporidia may germinate to produce an 
infection thread or hypha which may infect the host, or these sporidia 
may bud indefinitely in nutrient solutions, and the buds give rise to 
infection hyphse when conditions are favorable. In general, smut spores 
provided with a nutrient solution will make a much more copious growth 
than when germination occurs in soil moisture. Fusion of sporidia or 
hyphsB is fair y common in the smut fungi. In the direct germination, a 
resting spore forms a simple septate hypha, which may penetrate the host 
at once and establish an infection, or in a nutrient solution a much 
branched, septate mycelium may be formed. 



Fig. 2 12. -—Various types of smut spores. A, single-celled spores, smooth and with 
various wail markings; B, series of spores from tw'O to many celled. Stippled cells are 
fertile, others sterile. 


Types of Infection.— Although the smuts show striking similarities in 
symptoms and effects, they exhibit important differences in the time and 
manner of infection. Three important types may be illustrated by the 
smuts of our cultivated crops : _ 

1. Seedling Infection . — In this group of smuts, infection can only take 
place during the young or seedling stage, from spores that were either 
carried on the seed or were present in the soil or in loose smut of oats from 
mycelium that infected the glumes at flowering time. In seedling infec- 
tion the addition of smut spores to the soil after seed germination has taken 
place will cause no infection, but if viable spores are present in the seed 
bed at seeding time, infection may result if moisture and temperature con- 
ditions are favorable. The bunt or stinking smut of wheat, the loose and 
covered smuts of oats, the covered smut of barley, kernel smut of sorghum 
and millet smut illustrate seedling infection from seed-borne spores. 
Soil contamination may result from laind-hlown smut, as illustrated by the 
“smut showers” of the Inland Empire of the Pacific Northwest and some 
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other similar sections, or it may be residual^ that is, the spores may origi- 
nate from a smutty crop grown on the same ground the previous year or 
even at an earlier time. Residual soil contamination is an important 
feature of flag smut of wheat, onion smut and head smut of corn and sor- 
ghum. In seedling infection the infection threads which originated from 
either primary of secondary sporidia enter the young seedling, reach the 
growing point and then keep pace with the growth of the host tissues until 
the heads are formed, when the characteristic smut masses appear. 

2. Blossom Infection . — In this type, which is illustrated by the loose 
smuts of wheat and barley, the infection takes place at blossoming time. 
The smut spores from smutted heads, which reach maturity about the 
time normal heads are in blossom, are blown by the wind, and by the 
direct method of germination infect young ovaries of normal heads, and 
produce an internal mycelium which is developed within the seed. When 
germination processes are started the mycelium keeps pace with the 
growing points of the young seedling, but does not reveal its presence 
until the heads are formed, when the spores are organized and matured. 
In this type the fungus is not carried over the winter in the form of spores 
lodged on the surface of the seed, but exists in the ^^germ,^^ or embryo of 
the seed, as a vegetative mycelium, ready to resume activity with the 
awakening seed. It should be noted that infection takes place previous 
to the harvesting of the crop, and that infected seed, that is, seed in 
which an internal smut mycelium has been formed, if planted the next 
season, will produce plants affected with the loose smut. 

3. Shoot Infection . — In this manner of infection, which is illustrated 
by the common smut of corn, infection is localized in various aerial parts, 
that is, there is no systemic infection as in the two other types. Spores 
may germinate on leaves, stalks or flower parts, and form infection threads 
which enter the host tissue and establish a mycelium. As a result of these 
local infections small or large smut masses or sori may be developed from 
the purely local mycelium, but there is no general spread of the mycelium 
within the host tissue from an original center of infection. Each smut 
sorus or smut boil that appears represents a separate infection. In shoot 
infection the primary or secondary sporidia are carried by the wind to the 
parts which they infect, and they may be residual in origin or the smut 
may be brought into the field from some other source. 

The smuts are grouped in two families, which are characterized mainly 
by the method of germination and by the form of the promycelium. 

L USTIUAGINACEZB 

Germination is by means of a sppiate .promyceliiim with lateral and 
terminal sporidia or by a septate infection thread which does hot form 
sporidia. Sori generally form naked or covered, exposed, dusty or 
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agglutinated masses, but in a few cases the spores may be buried within 
the host tissue. The spores are continuous, two-celled or united in spore 
balls or groups. The principal genera of economic importance will be 
briefly characterized. 

Ustilago. — Sori naked or without an enclosing membrane, and making 
black, dusty masses at maturity. Spores single, more or less globular, 
light to dark brown, smooth, finely verrucose or spiny. Germination 
direct or more frequently indirect. 

Sphacelo theca. — Sori generally in the inflorescence, replacing the 
kernels, with external false membrane of fungous tissue and a central 
sterile mass of fungous tissue, a columella. Spores single, reddish brown, 
smooth. 

Sorosporium. — Sori generally dusty, without enclosing membrane. 
Spores held in balls or groups by a mucilaginous matrix when young, but 
separating, or only loosely held together at maturity, 

II. TiLLETIACEjE 

Germination is by a long or short, non-septate promycelium which 
forms an apical whorl of elongated or filiform sporidia. These sporidia 
may fuse in pairs or not and either form infection threads direct or pro- 
duce secondary sporidia which are either similar or dissimilar. The sori 
are either dusty and exposed or permanently embedded in the host 
tissues. The spores are nearly hyaline, light brown or dark brown, 
single, with or without hyaline appendages and either dusty or not 
readily separating, or in groups or balls, the cells of the latter all fertile 
or with both fertile and sterile cells. The principal genera furnishing 
pathogenes of economic importance will be briefly described. 

Tilletia. — Sori generally in the inflorescence replacing the kernels 
with ^'smut berries'' or ^^smut balls," which are dusty when crushed. 
Spores single and smooth, spiny or reticulate. Sporidia filiform, gener- 
ally fusing in H-shaped pairs. 

Urocystis. — Sori usually in leaves or stems, forming dusty erumpent 
spore masses. The spores are compound, consisting of one to several 
dark, central fertile cells, surrounded by lighter-colored sterile ceils. 
Promycelium with terminal fascicle of sporidia or forming hyphae direct 
instead of sporidia. 

Entyloma. — Sori generally in the leaves forming discolored spots, 
frequently light in color, hence the common name white smuts." Aerial 
conidia may be formed on the surface of the spots, giving a white powdery 
appearance. The true smut spores are permanently embedded in the 
host tissue, single, hyaline or pale yellow to brownish, thick- walled, and 
frequently germinate in situ. 
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BUNT OR STINKING SMUT OF WHEAT 

Tilletia tritici (Beij.) Wint. and T. levis Kiihn 

This is a systemic disease of wheat which is due to seedling infection 
at the time of germination, but the injury does not become evident 
until the affected plants are in head, when the normal grains will be found 
to be replaced by grains filled with a black powdery material, the smut 
dust or spores. It causes losa from reduction in both yield and quality. 
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The common name ''bunt'' is probably of English origin. It is 
supposed that affected heads were first designated as "burnt ears/' with 
a later dialectic contraction to "bunt ear" and finally to "bunt." It is 
the pronounced odor of sour herring, produced by volatile substances 
given off from the smut masses, which has suggested the appropriate 
name of "stinking smut." There are two kinds of bunt, the smooth- 
spored form (Tilletia levis) being called "high smut," since the culms of 
affected plants are generally as high as those of normal plants, while in 
the rough-spored species {T. tritid), or "low smut," the culms of affected 
plants are frequently shorter than normal culms. 

History. — Bunt or stinking smut of wheat was probably kisyown in ancient times, 
but there was no word to express it in the language of either Greece or Italy. It was 
probably included under the general term of mildew or blight. Pliny speaks of the 
blasting of corn “which cometh of some distemper of the air/’ while Bacon saj^s, 
“ Mildew falleth upon corn and smutteth it.” Stinking smut of wheat was apparently 
the first smut to attract attention and in 1733 Tull wrote “Smuttiness is when the 
grains of wheat, instead of flour, are full of a black stinking powder.” In 1755 Tillet 
noted the difference between la Carte, or stinking smut, and la Charhon, or loose smut. 
As late as 1775 Bjerkander classified stinking smut as Lycoperdon, since the smut dust 
was supposed to resemble the spores of puff balls and was surrounded by a membrane 
thought to be similar to the peridium. The belief that smut was a fungus was not 
generally accepted at that time, and Tessier, in 1783, considered it as a degeneration of 
the grain and not the result of a parasite. This view that the smut spores were 
morbid erruptions of vegetable matter persisted for a long time, and various other 
notions were prevalent. Some even considered the smut an indication of an offended 
Deity. It is interesting to note that many erroneous notions have persisted even down 
to the present time among the uneducated farming population, since joint worms, 
poison, unfavorable weather conditions, etc. are proclaimed as the causal agents. 
In 1807 Prevost discovered that smut spores germinated in \vater and so were of the 
nature of fungi. These observations were confirmed by other observers and our 
knowledge was further extended by Tulasne in 1854. A few years later Kuhn pro- 
duced artificial infections and followed the penetration of infection threads into young 
seedlings, while Brefeld in 1883 gave more complete details of spore germination, 
especially in nutrient solutions. During following years the contributions on wdieat 
smut became more numerous, and we now have a voluminous literature from -writers 
in various parts of the world. During later years the emphasis has been placed upon 
seed disinfection as a means of control, as witnessed by numerous bulletins, and but few 
advances have been made concerning other phases of the subject. The relation of time 
of seeding and temperature to the per cent of smut in a crop was first definitely shown 
by the work of Munerati in 1911 and was confirmed by the work of Heald and Wool- 
man published in 1915. That seed injury from bluestone treatments is greatly 
increased by the cracking of grain in threshing was noted by German w’-orkers as early 
as 1872, but was again brought to our attention in 1914 by Woolman. The failure 
of standard seed treatments to give control of bunt in the Pacific Northwest was 
shown by the researches of Heald and George to be due to the widespread wind 
dissemination of the spores, causing a. general contamination of the summer fallow’' 
previous to seeding time. Previous to 1921 there had been no definite data available 
concerning the relation of the spore load of individual grains to the per cent of smut 
appearing in the crop, but this information has been made available, so that it is 
now possible to make a microscopic examination of a wheat sample and predict the 


668 


MANUAL OF PLANT DISEASES 


approximate amount of smut which may be expected under certain conditions if seed 
disinfection is not practiced. 

Treatment of seed with copper sulphate to prevent bunt was first recorded by 
Schiilthess in 1761, but Kuhn in 1866 was the first to investigate carefully the effect 
of copper sulphate on bunt spores as well as upon the seed and to recommend a definite 
formula.’^ Although the hot-water treatment of Jensen (1888) was shown to be 
effective, and a few other chemical treatments were recommended, copper sulphate in 
some form continued to be the predominating seed disinfectant until the introduction 
of formaldehyde. This was suggested by Heuther in 1895 and soon came into general 
use in the United States following the publication of the work of Bolley in 1897. 
Formaldehyde largely replaced the use of bluestone, except in certain regions, like the 
Pacific Northwest, where its use was continued because of greater efficiency in pre- 
venting bunt due to a soil contamination. Both bluestone and formaldehyde, wdiile 
effective, proved unsatisfactory because of seed injury, the latter especially in the semi- 
arid regions. The use of copper carbonate in dust form was first recommended by 
Darnell-Smith in Australia in 1917 and its use in America received special impetus 
from the work of Mackie and Briggs in California and Heald and Smith in Washington. 
The favorable results which have generally attended the use of this dry treatment in 
the various wKeat sections indicate that treatment with copper carbonate dust is 
likely to come into very general use. 

During recent years some emphasis has been placed on the use of certain organic 
mercury compounds, such as chiorophol, uspulun and germisan, as steeps, because of 
the elimination of seed injury and because of their stimulating effect upon germination 
and growth. The favorable reception of the copper carbonate dust treatment has 
led to the manufacture of organic mercury compounds, such as seed-o-san, semesan 
and Bayer’s dust, for use as dusts. Uspulun and other organic mercury compounds 
have been more generally used in Germany than in the United States. 

Geographic Distribution. — The stinking smuts of wheat are prevalent in greater 
or less extent in every country where that cereal is grown. Since the perfection and 
introduction of recognized methods of effective seed disinfection it has not produced 
such heavy loss except in certain sections like Australia or the Pacific Northwest. 
In the latter section, however, seed disinfection has not been effective for winter wheat. 
Bunt is rather uncommon in the warmer sections wdiere w’heat is growii' — ^for example, 
in the southern United States or in the cast, center and south of India. Its occurrence 
is more variable in the states of the central Mississippi Valley, where it may be rare one 
season and epiphytotic another in winter wheat. Epiphytotics have been especially 
noted in Nebraska and Kansas, due presumably to the abnormally low temperatures 
which prevailed at the time of seeding, giving optimum conditions for infection, while 
in average seasons in those localities the prevailing temperatures are too high for 
heavy infections to take place. 

The rough-spored smut {Tilletia iritiri) is the prevalent form in the Pacific North- 
west and other wheat sections west of the Rockies, vrhile the smooth-spored smut 
{T, levis) is the common species in the regions east of the Rockies. The smooth-spored 
smut is very rare in the Pacific Northwest, but the rough-spored smut is not uncom- 
mon in some of the eastern states, although it is rarely found there as the prevailing 
form. 

Bunt has continued to be a serious problem in the Pacific Northwest because of the 
peculiar combination of climatic factors and farming practices. The important 
contributing features are: (1) the very general system of summer fallow for winter 
wheat; (2) the exceptionally dry summers with little or no rain in July and August; 
(3) the progressive maturing of the wheat from the western or southwestern portion 
of the wJieat area to the eastern portion; (4) the strong and prevailing winds which 
sweep from the regions of early harvest to the regions of late harvest; (5) the general 
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and widespread dissemination of the smut spores (smut, shower) from the various 
^ threshing operations, resulting in a heavy soil contamination of the surriiiier-f allow 

seed beds ; and (6) the moderate temperatures which prevail at the time when the most 
of the fields of winter wheat are seeded. 

Symptoms and Effects. — Bunt of wheat does not become evident 
? in a crop until the wheat is in head, since it is only the inflorescence that 

shows the pronounced deviation from normal A microscopic examina- 
tion a few days prior to the emergence of the head from the boot shows, 
however, striking differences in normal and smutted florets. The pistils 
^ from smutted heads are larger with an ovary double the length of a 

normal healthy ovary and green instead of almost white. The stamens 
I from smutted heads are reduced in length and breadth, the anthers are 

pale yellow instead of green, much reduced in size and without perfectly 
i organized pollen cells. 

After the emergence of the heads the presence of smut can be easily 
detected, since it causes certain deviations from the normal in the form 
of the infected heads. This is soon evident in the ^^compactum^^ varie- 
ties, such as Little Club, Hybrid 128 and others, since the normally com- 
pact or square heads are generally changed to a more slender type and 
i may in some varieties exceed the healthy heads in length. In the 

vulgare^* types the deviation from normal is less striking, and does not 
become evident until the smutted berries begin to expand and so cause a 
^ divergence of the glumes and thus give the head a more loose or open 

appearance. It is generally true that smutted heads previous to maturity 
exhibit a darker green color than normal heads, and also remain green 
longer. This condition is especially noticeable in such varieties as Winter 
Fife and Bluestem. When the wheat is in the “ dough stage, a verifica- 
tion of the presence of smut may be easily made by pinching the grains 
with the thumb and forefinger, the smutted grains showing at this time 
that they are filled with a soft, black, pasty mass. In mature grain the 
i same method may be necessary in examining '^vulgare^^ types when 

accurate quantitative counts of smutted heads are being made. At this 
time the black, pasty interior has changed to an oily powder, the character- 
istic smut mass. In some varieties the infected heads stand erect, 
when normal ones are beginning to droop as a result of the increasing 
weight of the ripening grain. , The presence of smut in a field can fre- 
quently be detected by the characteristic odor, similar to that of sour 
herring. 

Since this disease is caused by an internal parasite, it is natural to 
expect certain responses to its presence. It should be noted first that 
the smut fungus is living at the expense of its host plant, the wheat. Its 
effect on the host may be summarized as follows: (1) the consumption 
of food; (2) the destruction of seed in the sporulating process; (3) the 
stimulating or retarding effect on normal physiological processes. 



MANUAL OF PLANT DISEASES 


Badly smutted plants, especially those affected with T. tritid, remain 
in many cases undersize and produce fewer and smaller heads than 
normal plants. Observations and experiments lead to the belief that 
stools may harbor the smut fungus, when no smut develops in the heads. 
In such cases the mycelium, or vegetative body of the fungus, fails for 


■Smutted and normal heads of Jones Winter Fife and Hybrid 128. Note the 
marked change of form of the smutted head of the club wheat. 


some reason to reach the heads. The condition might be expressed in 
this way; In a young infected seedling there is a race between the smut 
fungus and the growing points of the flowering shoots in the upward 
growth. In some cases the fungus falls behind and never enters the 
heads, while in others it reaches its goal and penetrates the ovaries. 

The most evident injury from wheat smut is due to the destruction 
of the grain or berry in the production of spores. The smut fungus 
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enters the young ovary and uses up the food that is ordinarily aceumukted 
and at the sanae time destroys the embryo, so that a fully smutted grain 
consists of only the brown outer seed layer (pericarp) enclosing the mass 
of smut spores. 

A plant may be wholly or partially smutted, that is, all heads pro- 
duced by a given stool may be smutted or only part of them may be 
invaded. The completeness of smutting varies with the different varie- 
ties and with the same variety fluctuates to some extent, apparently being 
influenced by the conditions which prevail during development. A 
smutted plant frequently produces heads which are only partially smutted, 
that is, some grains may be normal,, while others are infected. The 
normal grains may be variously distributed, bearing no definite relation 
to position. Partially smutted grains are sometimes very common and 
the degree of smutting varies from those which show a minute black speck 
to those in which nearly the entire grain in involved. Heads have been 
found which showed only a single partially smutted ''berry, all the 
others being uninfected. The question is naturally suggested at this 
point as to whether there may not be an invisible infection, since there are 
all degrees of visible infection. The production of partially smutted 
berries is much more common in some fields than in others, and suggests a 
possible explanation for some of the ineffective results of seed treatment, 
but up to the present all attempts to germinate partially smutted berries 
have failed.^^^^ 

Losses from Bunt — This is one of the most serious diseases of wheat, 
since it causes a complete destruction of the affected berries or grains, the 
agricultural product of the crop. The inj ury or financial loss to be charged 
to the bunt account is fourfold: (1) increased cost of production due to 
seed treatment, soil sanitation and cultural practices designed to reduce 
infection; (2) the reduction in yield per acre; (3) the lowering of grade or 
quality; and (4) the losses from separator and grain fires caused by smut 
explosions. 

Seed treatment involves much extra labor, the use of enormous quanti- 
ties of fungicides, the use of an increased amount of seed per acre due 
to reduced germination of treated seed and occasional complete failures, 
with the necessity of reseeding due to the killing effect of fungicides 
employed. The most pronounced seed injury has occurred in the diy 
sections where formaldehyde-treated wheat has been seeded in the dust, 
but the injury has been more constant in the regions which have retained 
the bluestone treatments. This will be still further discussed under Seed 
Treatment as a method of control. 

The amount of smut in a field or the per cent of smutted heads is 
generally taken as an index of the reduction in yield or loss from the dis- 
ease, that is, with 10 per cent of all heads smutted, the loss would be esti- 
mated at 10 per cent. It seems probable, however, that the reduction in 
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yield is not quite equal to the per cent indicated by the smutted heads, 
since smutted plants are generally weaker than the adjacent healthy 
plants, which consequently stool more heavily and tend to occupy the 
space. With higher per cents of smut the loss or reduction in yield is 
more nearly equal to the per cent of smutted heads, but it seems probable 
that there is little actual reduction in yield when the per cent of smutted 
heads is five or less. In regions in which soil contamination is not a 
factor, there should be no smut, or only traces if some standard seed 
treatment is practiced. The heavy smutting occurs either when there is 
no seed treatment or where there is a soil contamination. The maximum 
amount of smut recorded for a farm field in some extensive surveys of the 
Inland Empire was 88 per cent. In this case the seed had not been 
treated. Throughout the Pacific Northwest where summer fallow is the 
regular practice it is not uncommon to find 20 to 30 per cent of smutted 
heads in fields of winter wheat which have been seeded with carefully 
treated grain. It may be noted that seed which has been artificially 
coated with smut powder, so that it is carrying its maximum load of 
spores, when planted under the most favorable conditions will frequently 
produce 90 to 99 per cent of smutted heads in the especially susceptible 
varieties. 

When grain from a sniutty field is threshed, many of the smut balls 
break and the black spore powder is distributed over the surface of the 
normal grains, lodging especially in the brush or tuft of hairs opposite 
the germ end. Grain from badly smutted fields is therefore conspicu- 
ously blackened and its value for milling purposes is correspondingly 
lessened, since special scouring machinery must be used to clean it. 
Conspicuously smutted wheat is also less desirable for feed, especially for 
poultry, since it is reputed to induce digestive disturbances and cause a 
reduction of egg production. The lowering in quality is not always pro- 
portional to the amount of smut in the field, since maturity and moisture 
at the time of cutting and threshing, as well as the variety, affect the 
breaking of the smut balls. The farmer who produces smutty grain suffers 
a dockage in price in accordance with the amount of smut, and it is 
specified by the U. S. Grain Standards Act that smutty wheat must be so 
designated when offered on the market. 

When smutty wheat is threshed, explosions and fires may result from 
the formation of an explosive mixture of dust and air which is ignited by 
static electricity developed during the threshing operations. Explosions 
are favored by extremely dry conditions, which increase the quantity of 
dust produced from both smut and straw. Smut fires and explosions are 
most frequent in the arid or semiarid regions of the Pacific Noz'thwest, 
although they have been of occasional occurrence in regions east of the 
Rocky Mountains. The losses from smut explosions are due to damage 
to separator and to grain fires. The damage to separators varies from 
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slight to total destruction. In the investigations reported by the U. S. 
Department of Agriculture for the Pacific Northwest, the average per- 
centage of smut in 108 explosions was 15. It was also shown that in 146 
explosions and fires nearly 30 per cent of the separators were a complete 
loss. Added losses are due in many cases to the fact that the flames 
spread into the straw pile and ranks of sacked grain and also to the 
unthreshed grain in the field. These losses are, however, being reduced 
as a result of safety devices to prevent explosions or to extinguish fires. 

Etiology. — Bunt of wheat is due to either Tilletia tritici (Beij.) Wint., 
the rough-spored smut, or to T. levis Kiihn (fwtans), the smooth-spored 
smut, two very closely related species of the Tilletiace^e having nearly an 
identical life history. The spores of T. tritici are spherical or nearly so. 
15 to 20/x, occasionally oblong to pear shaped, reaching a maximum 
length of 22/i. The epispore is marked with ridges which form a network 
with meshes, variable in size and shape, generally 3 to Ap, wide. The 
spores of T. levis are globose to elliptic, occasionally somewhat angular, 
very variable in form and size, 16 to 18/i or 19 to 25 by 16 to 17^ and 
have a smooth epispore. 

The first proof of the infective character of the smut dust was offered 
by Tillet in 1755, by sowing clean and artificially smutted seed in adjacent 
rows, although he did not at that time recognize smut as either a parasite 
or a fungus. The rough-spored smut was first named Ly coper don tritici in 
1775 by Bjerkander, and cams by Tulasne in 1847. The smooth- 

spored species was first named T. fcetans by Berkeley in 1860, but no 
description was published until that of Kiihn in 1873, when the present 
name, T. 7ms, was given. 

Infections of bunt occur only during the young or seedling stage. 
When living spores are introduced into the soil along with the seed wheat 
or exist in the soil in which wheat is planted, smut will appear in the crop 
if proper conditions have prevailed during the germination period. The 
smut spore germinates by the production of a hypha-Iike grow th, the 
promy celiu fr^ which produces at its free end a fascicle of four to 12 long, 
narrow, curved spores or sporidia frequently united into H-shaped pairs. 
Infection threads may arise from these sporidia, or secondary sickle- 
shaped sporidia may be formed which later develop infection threads. 
Under favorable conditions one or more infection threads (there is 
evidence of multiple infection) penetrate the young seedling and 
reach the growing point of the shoot. Here the fungous threads or 
hyphse keep pace with the growth of the host, but give little or no external 
evidence of their presence until the production of heads, when they enter 
the ovaries and begin the development of the spores which reach maturity 
at or slightly before harvest time. The general plan of the life history 
as outlined is typical of the various smut species in which a seedling infec- 
tion occurs. . 



674 MANUAL OF PLANT DISEASES 

The smut “balls” or “berries” produced by infected plants vary 
in size and each one contains from six to nine million spores. During the 
threshing operations a certain per cent of these smut balls will break and 
the smut dust will be carried out through the stacker, or many will 
lodge upon the surface of normal grains — the groove, or suture, and the 
brush, or tuft of hairs at the terminal end, serving as resting places for 



Fig. 214. — Various stages in the germination of spores of stinking smut {Tilleiia triiici). 
a, spore surface showing characteristic reticulate ridges; 6, c, stages in the formation of the 
promycelium; d, mature promycelium with terminal fascicle is) of H-shaped sporidia; c, 
a separated sporidium which has germinated to form secondary sporidia {ss ) ;/, a separated 
sporidium which has given rise to an infection thread (m) ; several secondary sporidia which 
have started to germinate and have produced infection threads. 


large numbers. Normal wheat grains from an infected field may have 
so many spores lodged on their surfaces as to give them a dark color, 
but other grains which show no smut to the naked eye may still be carry- 
ing a sufficient number of spores to produce a smutty crop. Smutted 
wheat may also contain unbroken smut balls and partially smutted 
grains, which are an added source of danger* Experimental tests show 
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that there is but little danger that the smut balls that have passed through 
the threshing machine without breaking will rupture during treating and 
seeding, especially in moderately smutted wheat. The idea that the 
unbroken smut balls are a source of danger has been based more on theory 
than on practice. Seed from smut-free fields, if obtained from regions 
in which a smut shower occurs, may be carrying smut which was blown 
onto the standing grain or lodged on the shocks after cutting. 

Even if smut-free seed is used, there are two other possible sources of 
infection: first, from soil contamination from a previous smutty crop on 
the same ground; second, soil contamination from wind-blown spores. 
If wheat follows wheat and the first crop was smutted, large numbers of 
smut heads left in the field may be a source of danger. Free smut dust 
in the moist soil will lose its infective properties after 50 to 60 days and 
will not survive winter temperatures, but spores in heads or unbroken 
balls may retain their virulence and viability for a year or more under 
field conditions. The wind-blown smut is, however, the most important 
source of soil contamination, especially in regions in which summer 
fallow is practiced. In the Palouse country the “smut shower begins 
in August, reaches its maximum about the middle of September and then 
gradually subsides, but the total spore fall frequently amounts to enough 
to make an average or over five million spores for each square foot of 
exposed summer fallow. Seedings in summer fallow in this region just 
preceding, during or immediately after the climax of the spore fall, are 
likely to be heavily smutted even though clean or carefully treated seed 
is employed. 

Predisposing Factors. — The amount of smut produced by a given 
seeding will, of course, depend upon the spore load, that is, upon the 
average number of spores carried by each grain of wheat, but the most 
important environmental factors are the amount of moisture in the soil 
and the temperature during the period of germination. Hungerford 
(1922) has shown that the amount of smut increased as the soil moisture 
was increased from 8 to 32 per cent, and this is in agreement with the 
field observations that a field sown when the soil is relatively dry gives 
but little smut, while the rest of the field sown with the same seed after 
a rain produced much smut. 

The time of sowing, for instance, exercises a great influence upon the strength 
of attack. Numerous experiments and observations have been published, and 
the general result is that the temperature by which the germination of the spore 
and grain takes place is the most important factor. The wheat must, therefore, 
germinate faster than the spore, in order to evade attack. This may be possible 
with higher as well’ as lower temperatures, which thus demonstrate the fact that 
minimum, optimurn and maximum temperature are different with respect to 
the wheat and the smut. 
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The following Centigrade temperatures for germination have been 
recorded : 



Wheat 

Smut 


Heuser, W. 

Woolman, 

Humphrey 

Minimum 

3-4 . 5 

5 

0-1 

Optimum 

25 

16-18 

18-20 

25-29.1 

Maximum 

30 

25 



A fast germination is altogether an advantage in wheat. When the wheat 
germinates at very high temperatures, 20 to 25°C., it then approaches the opti- 
mum for its germination, while the spore has passed its optimum. The wheat 
will thus .germinate faster than the spore, and has got a good start ahead of the 
spore at the time of the infection state (Heuser-Holm). 

It may be noted that some regions are exceptionally free from smut 
(east, center and south India; southern Russia; the Spokane Valley in 
Washington), and it has been pointed out that this is due to the high 
soil temperatures which prevail at the time of seeding operations, thus 
insuring a rapid germination of the wheat. The results obtained at 
Pullman, Wash., in 1916, as shown in the following series of periodic 
seedings of carefully treated Hybrid 143 on summer fallow, are typical 
of the conditions in eastern Washington, 



Pek Cent 


Per Cent 


Smut 


Smut 

Aug. 11 

0.00 

Sept. 25 

30.98 

Aug. 24 

1.77 

Oct. 2 

41.14 

Sept. 1 

12.85 

Oct. 6 

16.92 

Sept. 8 

18.85 

Oct. 10 

15.08 

Sept. 11 

14.22 

Oct. 18 

11.49 

Sept. 21 

38.07 

Oct. 30 



The low per cent of smut in the early seeding was due to two factors: 
first, the relatively high soil temperatures; second, the fact that the spore 
fall in August had not seriously contaminated the summer fallow. The 
reduction of smut during the late seedings is explained by the gradual loss 
of infective power of the smut spores and the unfavorable temperature 
conditions. 

Host Relations. — ^The various species of Triticum have been tested 
for resistance and have been found to show wide variation among the 
species and also of the varieties within the species. They have varied 
from complete freedom from smut, possible immunity, to nearly 100 per 
cent of infection. Susceptibility is found within all the following: com- 
mon wheat olub or aquare-head wheat {T. compactum), 
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poulard or English wheat {T, iiirgidum), durum wheat (T. dMtmn), 
Polish wheat {T, polonicu7n), einkorn (T, inonococcum), spelt {T. spelta) 
and emmer {T. dicocciim). Recently Gaines and Stevenson (1923) have 
reported T. tritid on winter rye and on rye- wheat hybrids which have all 
of the morphological characters of a true rye. Smut is of principal con- 
cern on the true wheats. The ^^compactum’^ types are generally very 
susceptible, the '^vulgare'^ types variable, while durum wheat has been 
reported as hard to infect. Von Tubeuf suggested that resistance is 
correlated with the quick germination and rapid growth of the seedlings, 
and this varietal behavior has been studied by numerous workers, but 
there is little evidence that resistance can be explained in this way. 
Resistance does not appear to be connected with anatomical characters, 
but rather with chemical peculiarities of the host, showing different kinds 
composed of multiple factors in the various varieties, and definitely 
heritable. The most important work dealing with the susceptibility of 
wheat varieties has been carried out in Germany, Australia and in the 
United States. Some very resistant varieties have been found in all 
countries and it is noteworthy that some of these would be entirely smut- 
free during certain years. A selection from some tests of 116 winter 
varieties carried out by the writer in 1917 and of 86 spring varieties in 
1919 are fairly typical of the range of susceptibility. 


Winter Wheats 

Per Cent 
Smutted 
Plants 

Spring Wheats 

Per Gent 
Smutted 
Plants 

Webbs Squarehead. 

.. . . 100 

Washington Bluestem 

. .... 100 

Fulcaster 

... 96.6 

Haynes Bluestem. 

. . . . . 85 

Big Frame 

. . . 85 

Federation 

. . . . . 80 

White Tuscan 

... 75 

Early Baart. . 

76 

Dakota Bliiestem 

... 65 

Kota 

. . . . . 61 

Huston 

... 52 

White Australian ........ 


Nebraska Turkey. 

... 42.1 

Preston. 

42 

Malakof 

... 31 

Mindum 

39 

Montana 17 

... 25.7 

Arnautka. 

30 

Montana 123 

... 15.3 

Ghirka. 

17.7 



Florence 

8.2 


Seed of the same varieties from different sources when tested side by 
side and given equal opportunity to develop smut showed great variation 
in the per cent of infection. Selections for several varieties will illustrate 
this behavior. 


Winter Wheats 

Kansas 570 Turkey Red 

Moro, Ore., Turkey Red 

Nebraska 6 Turkey Red 

Kansas Kanred 

Nebraska 78 * . 

Colorado Turkey Red .... 

Washington Turkey Red 


Per Cent 

. , OP ■ 

Smutted 

Plants Spring Wheats 

64 . 92 Minnesota Marquis . . 

60 . 00 California Marquis . . . 

46.15 Montana Marquis. . . 

35 . 32 Golordao Marquis . . . 

26.76 Nebraska Marquis. . . 

16.2 Washington Marquis. 

14.28 


Per Cent 

OF 

Smutted 

Plants 

42.55 

28.49 

23.48 

23.89 

25.00 

18.39 
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In more recent tests of a large number of varieties carried out by the 
Washington Experiment Station in cooperation with the Federal Depart- 
ment two varieties, Martin Amber and Hussar, have proved to be entirely 
smut-free (Tisdale et alj 1925). Veiy promising results have been 
obtained by Gaines by crossing Florence, the resistant Australian variety, 
with Washington Turkey. A smut-immune variety has been produced 
which is being distributed under the name of Ridit. 

Prevention or Control. — In the past most emphasis has been placed 
on seed disinfection, but it must be evident that bunt will not be con- 
trolled by any single practice, but rather by the combined use of various 
methods. Consideration should be given to five different lines of attack 
as follows : 

1. Crop Uotation, — Wheat following wheat is very likely to be smutty 
because of contamination of the soil from smut produced by a previous 
crop. Even with an intervening summer fallow, the smut from a 
previous crop may be a source of infection. The rotations must be 
suited to the conditions which prevail in the various sections. 

2. The Use of Clean Seed.— Under uniform conditions, the amount of 
smut produced will depend upon the spore load, that is, upon the average 
amount of smut carried by each grain. Wheat that is visibli/ smutted 
may carry from 5000 to 263,000 smut spores per grain, and will produce a 
moderately or heavily smutted crop. Wheat that is visibly clean may 
carry up to 5000 smut spores per grain and may be expected to yield to 
10 to 15 per cent of smut, according to variet}?- and the spore load. It is 
possible by a microscopic analysis to predict the approximate amount of 
smut which a given sample will produce under optimum conditions. 
Visibly smutty seed should not be used when it is possible to obtain smut- 
free or visibly clean seed. If wheat showing unbroken smut balls must be 
used for seed, it should be thoroughly cleaned to remove as many of the 
smut balls as possible. The advantage of cleaning the wheat is further 
emphasized by the fact that the small grains produce more smut than the 
large plump grains. 

3. Seed Disinfection. — Seed treatment should be practiced with some 
standard fungicide unless the spore load is below the danger point or 
seeding is carried out under conditions unfavorable for infection. It 
should give practically perfect protection except where there is a soil 
contamination. The following fungicides will give effective control of 
seed-borne smut: 

a. Copper sulphate or bluestone, 1 pound to 5 to 10 gallons of water 
for 5 to 10 minutes, with maximum time for the weaker strength (1-5 
formula). 

b. Copper sulphate or bluestone, 1 pound plus 1 pound common salt 
to 5 to 10 gallons of water for 5 to 10 minutes (1-1-5 formula). 

c. Bordeaux, 4-4-40 or 8-8-40 formula, for 10 to 15 minutes. 
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d. Formaldehyde, 1 pint or pound to 40 gallons of water (1-320) 
for 10 minutes. 

e. Uspulun or germisan, 0.25 per cent solution for 30 minutes. 

/. Copper carbonate dust 2 to 3 ounces per bushel. 

The steeping in the liquid fungicides will give the better results by the 
open-tank or sack methods, than by the sprinkling method. The blue- 
stone and the copper carbonate treatments will give some protection 
against infection from soil contaminations, but formaldehyde is of no 
value in such cases. Bluestone and formaldehyde treatments cause more 
or less reduction in germination. This may be greatly reduced by either 
presoaking (10 minutes in water, followed by 6 to 12 hours in wet sacks) 
or by following the dipping with a milk of lime bath (1 pound lime to 
10 gallons of water for 5 minutes). Equally good results can be obtained 
by washing the formaldehyde- treated seed in water. Neither the copper 
carbonate dust nor the organic mercury compounds cause any seed 
injury. The important advantages of the copper carbonate dust are as 
follows;^ (a) the elimination of the inconvenient and disagreeable soaking 
methods; (6) the convenience of being able to treat seed days or even 
months before it is needed for use; (c) the elimination of seed injury 
and retarded growth, with even an improvement in germination over the 
untreated seed ; (d) the elimination of danger from seeding in the diy or 
in the dust (the cause of heavy losses with formaldehyde-treated seed; 
(e) increased yields due to no retarding influence of the fungicide, and 
better stands, with smut control equal to or better thaii that obtained by 
the other methods. Numerous types of seed-treating machines are on 
the market for making the liquid treatment, and dusting machines have 
been described by Heald and Smith (1922), Mackie and Briggs (1923), 
and others, and a number of companies are now producing continuous 
rotary dusters. 

4. Cultural Practices , — The following demonstrated facts should be 
kept in mind: {a) Seeding in relatively dry soil gives less smut than 
seeding with abundant moisture; (6) deep seeding causes more smut 
than shallow seeding; (c) early seeding either before the smut shower or 
at least before the fall rains begin will give either a smut-free crop or a 
low per cent of infection; (d) seeding during periods of relatively high 
temperatures will reduce infection; {e) seeding of summer fallow during 
the first few weeks following rain will generally result in much smut; 
(/) replowing of summer fallow reduces the amount of smut when there 
is a wind-borne source of contamination; (^)"'with clean treated seed a 
fall stubble crop will show less smut than an ordinary summer fallow in 
regions where smut showers occur; (h) late fall planting will tend to 
decrease the amount of smut; {i) separated spores (smut dust) never live 
through the winter period under normal conditions, hence wind-borne 
spores are of no consequence in spring varieties. 
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5. Selection of Resistant Varieties and Breeding for Smut Resistance ~ 
First consideration in any environment must be given to varieties which 
will show high producing power. Some very susceptible varieties for 
example, Hybrid 128 under eastern Washington conditions, may be more 
profitable than some more resistant varieties. Careful attention to the 
testing of varieties will probably show resistant high producers adapted 
to the various sections. The ultimate aim of the plant breeder is the 
production of immune varieties of high producing capacity and prime 
quality. This is a task of some magnitude, since smut-immune varieties 
adapted to one locality may be poorly suited to another. At present the 
experience of the local experiment stations should guide the growers in 
the selection of varieties best suited to their enviroment. 
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LOOSE SMUT OF WHEAT 

Usfilago tritici, (Pers.) Jens. 

This smut, peculiar to the wheat plant, is characterized by the com- 
plete destruction of the spikelets of affected heads, which become trans- 
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formed into black, powdery smut masses that are dissipated by the rain 
and wind previous to harvest time. The common name of loose smut 
will serve to distinguish the trouble from hunt or stinking smut, which is 
really a kernel smut, and the smut which forms the smut powder on 
the leaves and culms. In Australia the heads destroyed by loose smut 
are sometimes called '^snuffy ears by the farmers. 

History and Geographic Distribution. — Since the three common loose smuts of 
cereals, wheat, barley and oats, have a very similar external appearance, it was 
natural that early botanists should consider them identical. They were first known 
under the name Ustilago segetum Bull., and the loose smut of wheat was named Uredo 
iritici in 1801, by Persoon. The name Ustilago was first applied to the loose smuts in 
1552 by Tragus. Ustilago carbo and Uredo carbo were also in use before the loose 
smuts \vere known to be distinct species. As late as 1889 Plowright considered all of 
the loose smuts under the name of Ustilago segetum. About this time Jensen of 
Copenhagen (1888) was carrying out his wmrk on the biology of these loose smuts and 
came to the conclusion that the two forms on barley which he called tecta and nuda 
were distinct, and he showed definitely that the loose smut of wheat could not infect 
any of the other cereals. Even after the loose smuts of barley and wheat were shown 
to be distinct, they were thought bj?- some to be biological strains of a single species. 

The true nature of the loose smuts of barley and wheat was not understood until 
some years later when Maddox of Tasmania (1895-1897) produced the first evidence 
of ^Tlossom or intraseminal infection.’’ A year later, according to Hori, the results 
of Maddox were confirmed by Yamada (1896) and then by Nakagawa (1898), a 
Japanese worker, who made field inoculations, introducing the spores into the flowers 
of the wheat with a forceps, but no histological details of the infection were worked out. 
The work of these pioneers was largely overlooked until the researches of Brefeld 
(1903) and Hecke (1904) again demonstrated the blossom infection in both species, 
and substantiated this by histological studies showing the mycelium of the pathogenc 
in the growing points. 

Seed disinfection practices showed that the life history of the loose smut of wheat 
was different from that of bunt or stinking smut. Plowright (1889) recorded the 
fact that the disinfection of wheat seed with copper sulphate for bunt control as 
practiced on every well-managed farm, had no effect on the loose smut. This was 
later explained by the intraseminal mycelium which was out of reach of the fungicides, 
and the modified hot-water treatment which was devised by Jensen (1887-1889) 
overcame this difficulty. His first work -was done with the loose smut of barley. The 
modified hot-water treatment was recommended for wdieat by Swingle in 1894 and 
by Jensen in 1895, and since that time has been tested and recommended by various 
workers. Special mention should be made of the -work of Freeman and Johnson 
(1909), Gregory (1923) and Tapke (1924). 

Loose smut of wheat is found wherever W’heat is growm, but in many environments 
it is not sufficiently abundant to be a factor of importance in wheat production. For 
example, in northern India the amount does not generally exceed a fraction of 1 per 
cent, while in the Central Provinces 10 per cent is sometimes reported. It is so rare 
in the Inland Empire of the Pacific Northwest that it is practically unknown to the 
rancher, but it can generally be found by a search in any field, the amount only rarely 
reaching as high as 1 per cent. In some of the wheat-producing sections of the United 
States ea-st of the Rockies it is sufficiently prevalent to call for control measures. 

Symptoms and Effects. — This smut appears in the field shortly before 
the normal plants are in head and the spikelets of affected heads are 
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transformed into black, powdery; structures which can be detected even 
before emergence from the boot. The smut masses are at first covered 
by a delicate grayish membrane, but this soon bursts and exposes the 
smut dust, which is gi’adually liberated and washed down by rains or 
blown away by the wind. The general rule is for every spikelet of a head 
to be smutted, but partially smutted heads may be found. In such 
cases it is always some of the upper spikelets that are left intact. All 
of the heads of a stool may be smutted or only part of them, but this 



Fig. 215 . — Ustilago tritici, loose smut of wFeat. 


behavior seems to vary with location and varieties. McAlpine (1910) 
states that it is uncommon to find shoots with both smutted and sound 
heads. In smutted heads the affected spikelets are completely destroyed; 
the only parts which escape transformation being the tips of awns in the 
bearded varieties. The central axis or rachis is never destroyed, but 
will finally be left as a bare structure with a few remnants of the spore 
masses. Smut masses may sometimes appear on the leaf blade, leaf 
sheath or culm. This has been observed in Australia, Egypt, India and 
Germany (Riehm, 1914)* , According to McAlpine (1910), ^ when a 
stool is affected with loose sput, the stalks are generally of a purplish 
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tint, so that they can be readily picked out from among the general crop.^’ 
The same has been observed in the naked smut of barley, but is not 
paticiilarly so in the case of the loose smut of oats. The purplish color 
is natural to some wheats, such as Purplestraw, but it occurs in other 
varieties when smutted. 

The smut masses have reached maturity and the spores are being 
scattered by the wind by the time normal heads are in flower, and by 
harvest time the smutted heads are very inconspicuous, since the smut 
mass has been entirely dissipated, leaving the bare stalks. The covering 
membrane generally bursts before the smut mass is pushed out of the boot, 
but sometimes the smut heads remain hard and black, without becoming 
powdery, and the spores are not set free. The amount of smut varies 
under field conditions from a trace to as high as 15 to 20 per cent, depend- 
ing upon the location and the variety. The highest per cent of smut in 
Kansas in 1906 occurred in two Japanese varieties (6 and 9 per cent), 
a Roumanian wheat (8 per cent) and a Kansas hybrid (15 per cent). 
It ‘may be noted from these figures that the per cent of infection does 
not reach as high as in the bunt or stinking smut of wheat. 

Since the chaff and the grain are completely destroyed and the smut 
scattered before harvest, the effect of the smut is different from that of 
bunt or stinking smut. The loss must be based on the reduction in 
yield alone, since quality is not affected unless one is considering the value 
for seed purposes. The product of the normal heads of a smutty field 
appears perfectly normal, even though infection has occurred. It is 
customary to figure the reduction in yield equivalent to the per cent of 
smutted heads, but in low degrees of smutting this would probably give 
a higher loss than is actually suffered. 

Etiology. — The loose smut of wheat is due to Udilago triUci (Pers.) 
Jens., a systemic fungus, which infects the young ovary at the time of 
flowering and develops its mycelium within the seed, giving an intra- 
seminal infection. The time of maturing and the dusty character of the 
smut heads are admirably adapted to the blossom infection. These smut 
spores are being blown about by the wind just at the time when the 
normal heads of adjacent plants are in the flowering stage. Many of the 
innumerable smut spores will fall upon the ground or upon various 
portions of the wheat plants, but some of the total number will lodge 
between the glumes or chaff and reach the feathery stigmas, where they 
germinate in much the same way that pollen grains germinate and send an 
infection thread down the tissue of the style into the ovule, where it 
continues to grow within the young embryo plant, and becomes dormant 
when the seed is matured. Seeds carrying an intraseminal mycelium 
appear perfectly normal, but when planted the next season the dormant 
mycelium resumes activity with the awakening of the young plant, and 
keeps pace with the growth of t|^ young seedling, confining its develop- 
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merit largely to the growing points. With the organization of the heads, 
the mycelium makes a vigorous development, destroys the various parts, 
as noted under Symptoms, and gives rise to the dusty smut masses, or 
sori, consisting of globular or oval, pale, olive-brown, single-celled spores, 
5 to 9/i in their greatest diameter. These spores are generally lighter on 
one side and the wall, especially on the lighter side, is marked with minute 
spines. 



Fig. 210.— Spores of Usiilago triiici at rest and after various stages of germination in 
water, a, group of spores showing various shapes and si25es; 6-r, early and later stages of 
germination. {After Stakman, Minn. Agr. Exp. Sta. Bui. 133.) 

Previous to the work of Maddox (1897) and of Brefeld and Falck 
(1905) it was supposed that seedling infection occurred in much the same 
way as has been described for stinking smut. The latter showed that 
spores applied to the seed or introduced into the soil were of no conse- 
quence in the production of the disease, but only spores applied to the 
blossoms were effective. This was demonstrated in two ways: (1) by 
introducing the smut spores into separate blossoms by means of a fine 
brush ; and (2) by blowing the smut $pores into cylinders in which blossom- 
ing heads were enclosed. Freeman and Johnson (1909) showed that : 
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Artificial inoculations of flowers with loose smut from the time when the 
stamens are still green to the time when the ovary is one-third its mature size are 
usually successful.* The optimum period for artificial inoculation is the time 
when the flower is in full bloom or when the ovary is just commencing to develop 
after fertilization. 

The spores of loose smut, as might be expected from their relation 
to infection, are not long lived as in bunt or other seed-borne or soil-con- 
taminating smuts and germinate with the direct production of an infection 
thread, rather than by the formation of a promycelium, and secondary 
spores or sporidia. The spores are able to germinate freely in water 
or nutrient solutions as soon as mature, but are not able to retain their 
viability for more than 5 or 6 months, even suffering a very marked loss of 
germinative power during this period. It was first noted that the infec- 
tion hyphse are pushed out from the clear side of the spore, but Lang 
(1910) has noted two to three clear spots in the wall through which the 
infection hyphse emerge. The spores of loose smut of barley and of 
wheat are morphologically quite similar, but in Ustilago niida the myce- 
lium formed in cultures produices straight lateral branches at right 
angles to the main axis, while in U. iritzci the lateral branches are curved 
and more variable in their insertion (Riehm, 1914). 

The smut spores that lodge on the feathery stigma behave much the 
same as pollen grains and 

. . , send their germ tubes into the latter only when its ephemeral cells have 
begun to collapse and dry up. The germ tubes then enter in and between the 
cells and pass down to the lower, still li'idng, part of the style. Here many are 
checked but others continue through the intercellular spaces and the channels 
left by pollen tubes, until in a week or so the cavity of the ovary is reached. 
The o\ailes are next penetrated through their integuments, entry taking place 
through small intercellular spaces. The integuments ordinarily become cutinized 
and impermeable about 10 days after the normal time of infection, so that suc- 
cessful penetration of the ovule usually occurs between the seventh and tenth day. 
The infection tube then passes into the space between the endosperm and the 
iiucellus, where it branches freely for the first time. In about 3 weeks branches 
have reached the lower end of the raphe, and they pass around the bottom of the 
endosperm to reach the scutellum and penetrate the embr^m. Here some of them 
grow along the rudimentary vascular bundles to occupy the part between the apex 
and the root, it being now about‘4 weeks after infection. A month later all the 
parts of the embr^m, except the root, contain hyphse and there is a very copious 
mycelium in the scutellum. The hyphse are mostly 2.5 to 3/x in diameter, except 
in the scutellum where they are often somewhat swollen; growth is exclusively 
intercellular; there are no haustoria; and the host cells are not affected in the 
slightest degree by the presence of the parasite. In the ripe grain, the hyphse 
are thick-walled, oily and irregularly swollen; though no haustoria are found, the 
cell walls are indented m places (Butler, 1918). 
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I According to Lang (1910^ 1913), the mycelium does not even pene^traO^ 

i the cells' of the host when it begins the organization of spores in the parts 
J , of the inflorescence, but, simply pushes them to one side! Riehin (1914), 

i however, found the mycelium penetrating the cells in the abnormal lesions 
on the vegetative parts. 

The time of seeding of spring wheat does not seem to have any 

appreciable effect on the per cent of smut which appears in the crop, but 
data as to how time of seeding affects reinfection are not available. Some 
tests indicate that the time of seeding in fall grain influences the develop- 
^ ment of the parasite, the lowest per cent of smutted heads appearing in 

I the late seedings. This can be explained by supposing that the low 

temperatures of late fall which are sufficient to induce germination of the 
seed are not sufficiently high to start the growth of the intraseniinal 
mycelium, with the result that the growing point ''runs away from the 
pathogene'' and the pathogene is never able to catch up with it even 
though favorable temperatures may. later start it into activity. 

Varietal Resistance.— Field experience has shown considerable 
variation in the per cent of loose smut in different varieties, but in 1909 
Freeman and Johnson stated that no immunity of marked practical value 
had been discovered. Appel (1915) stated that immunity in loose smuts 
I is due to the closed flowers, which prevent the smut spores from reaching 
I the stigmas during the susceptible period, but Fromme (1921) has pointed 

; out that this does not hold for wheat, as none of the varieties have closed 

flowers. This structural explanation does, however, hold in the case of 
some varieties of barley and the loose smut peculiar to that species. 
Fromme (1921) has presented a brief comparative study of the variation 
I of varieties and has shown that Leap wheat (Leap Prolific) under Virginia 

j conditions shows either an entire freedom from smut or only traces under 

the same conditions which give 3 to 5 per cent in such susceptible varieties 
as Stoner. The amount of smut shown by bearded varieties w’-as, as a 
^1" rule, considerably in excess of that shown by the beardless varieties, the 
average for 20 of the former being 12.7 against 4.6 heads per row for 16 of 
the latter. Harvest King, Fultz and Gold Coin, all beardless varieties, 
also showed an apparent resistance to loose smut about equal to Leap. It 
will require further work to determine whether resistance is structural 
or physiological, and whether entirely immune strains can be isolated. 
Prevention or Control. — Since the fungus is carried in the seed in the 
S form of a dormant mycelium, the seed disinfection methods that are 

^ effective for bunt, smuts of oats or the covered smut of barley cannot be 

' effective. When blossom infection was first established Brefeld was of 

the opinion that no seed treatment could be effective, because of the 
difficulty of killing the internal mycelium without killing the embryo. 
Jensen devised the hot- water treatment and first showed its effectiveness 
for smuts due to seed-borne spores and later proposed the modified hot- 
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loater treatment^ which is still being recommended with only minor changes. 
The hot-water method is rather cumbersome and has not been generally 
recommended fof the treatment of the entire lot of seed for large farm 
operations, but rather for the handling of small lots to be used for planting 
seed plots. 

The modified hot-water treatment may be carried out as follows: (1) 
Soak the wheat in water at 68 to 86°F. for 4 to 6 hours; (2) immerse in 
warming vat for 1 minute at a temperature 5 to 10® under that of the 
treating vat; (3) immerse in treating vat for 10 minutes at temperature of 
129. 2®F. (54®C.) or within a range from 124 to 130®F.; (4) drain and dip 
at once into cold water or spread out in a thin layer to cool and dry. 
Plant as soon as the seed will run freely through the drill, or dry thor- 
oughly and store for later use. The exact method of providing the hot 
water and handling the grain can be varied. The amount of wheat 
treated at once has been varied from peck to 1 bushel in wire baskets or 
burlap containers to as much as 5 bushels in a heavy wire drum which is 
arranged to revolve in a tank of water heated by steam. In Germany a 
special machine has been used in which the hot water is forced through 
the wheat (Appel and Gassner, 1907). Whatever type of container is 
used, it should not be filled, but should allow plenty of space for the 
quick and complete penetration of the hot water. A temperature of 
135®F. for 15 minutes will be endured by wheat without serious injury, 
but it would be better to hold within the range specified. The treatment 
for loose smut of barley is the same, except that the immersion should be 
for 15 minutes at 125.6®F. (52°C,) with an allowable range from 124 to 
129®F. 

The value of the presoaking, according to Appel and Riehm, is due to 
the fact that the absorption of water starts the intraseminal mycelium 
into activity and renders it more sensitive to heat than when it is in the 
dormant state. The temperature of the water during the presoak period 
and the duration of the soaking are of importance, as has been shown by 
Appel (1909) and others, as may be illustrated by the following examples: 


Presoak temperature, degrees Centigrade 

1.5 

9 

18 ’ 

30 

Per cent of smut 

4.G 

3.1 

l.i 

0 

Hours presoaked 

2 i 

4 

a 


Per cent of smut. .. .j 

2.7 j 

1.1 

0 



Too low temperatures or too short periods of soaking will give imper- 
fect control. 

The limited range of effective and safe temperatures makes it impera- 
tive that thoroughly reliable thermometers should be used and every 
effort should be made to bring all of the wheat to the treating temperature 
at once by agitation, and to check the action of the heat at the close of 
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the treatment period by rapid cooling. It would seem that the use of the 
cold bath should give less germination injury than simply spreading the 
wheat out to dry as in some of the more recent practices ,(Tapke, 1924) . 

The hot-water treatment, like chemical disinfection, causes more or 
less seed injury, and in this case also the injury of machine-threshed grain 
is greater than in hand-threshed grain. The amount of seed injury is 
variable, depending on variety, threshing injury, care in treating, etc., but 
about what may be expected from the standard treatment may be judged 
from tests given by Tapke ( 19^), in which 33 untreated machine-threshed 
samples gave an average germination of 87.6 per cent, while the treated 
lots showed an average germination of only 52.7 per cent. 

The hot-water treatment has been shown to be effective in preventing 
loose smut, and some of the earlier tests reported marked increases in 
yields from its use (Kellerman, 1891). The effect on yield must be con- 
sidered in deciding whether treatment pays. In tests conducted for three 
years by Tapke (1924) “wheat grown from untreated seed outyielded 
that grown from treated seed when the rate of seeding was 6 pecks per 
acre,” even in lots producing as much as 10 per cent of smut in the 
controls. When allowance was made for seed injury by increasing the rate 
of seeding, treated seed gave the highest yields. From these results it would 
seem that treatment would not pay unless allowance is made for seed 
injury and swelling of the seed (if seeded moist) by proportional increase 
in the rate of seeding. 

In Indiana and Virginia the objection of the farmers to the cumber- 
some and rather difficult hot- water treatment has been partially overcome 
by the establishment of community treating plants (Pipal, 1921), making 
use of creameries, canneries, mill or other establishments furnishing live 
steam, or by the construction of special rotary machines. 
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COMMOH SMUT OF CORN 
Ustilago zem (Beckm.) Ung, 

Of the three smuts which affect corn, one, the so-called common or 
boil smut, has nearly a worldwide distribution, and is easily recognized by 
the characteristic smut masses or tumors which appear on all the aerial 
parts: ears, tassels, stems, leaves and occasionally on the brace roots. 
Another species {Sorosporium reilia7iu7n (Kiihn) Me Alp.) causes the 
head smut of sorghums and corn, on the latter confining its attacks to ears 
and tassels, while a little-known form {U. fischeri Pass.), causing a kernel 
smut, is reported from Italy and the West Indies. 

History and Geographic Distribution. — Corn smut was mentioned by Bonnet as 
early as 1754 and Du Hamel and other French botanists were known to have been 
familiar with it some years earlier. It was described by another French scientist, 
Aymen, in 1760 and studied in more detail by him and also by Tillet, whose writings 
were published in 1766. The earliest record of corn smut in America was by Schwein- 
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ifcz (1822), who was the first botanist to do systematic collecting of fungi In the United 
States. Corn is native to America, probably Mexico, and was sent to Europe as early 
as 1500. Corn smut has undoubtedly occurred in America for centuries, but was 
described from France earlier than from America, because attention was then being 
directed to botanical studies. There are three historical periods in the study of this 
disease: (1) from the time of the first writings (1754) to the publication of be Can- 
dolle's important treatise on 'Thysiologie Vegetale ’' (1832), during which corn smut 
was believed to be a physiological disturbance or an oedema, due according to Tiilet to 
‘'too great an abundance of sap which in rich land is carried towards certain portions 
of the plant"; (2) from De Candolle (1832) to the final publication of the researches 
of the German mycologist, Brefeld (1895), during which the parasitic nature of smut 
was recognized, but infection believed to be seed borne, as in smuts of wheat and oats; 
(3) from Brefeld to modern times, this period being ushered in by the brilliant 
researches of Brefeld, which demonstrated that the disease was not systemic and 
seed-borne, but that infections were purely local and could occur in any actively 
growing tissues above ground. During the middle or De Candollean period important 
contributions were made by both French and German botanists. 

Mention may be made of the first extensive studies of corn smut in the United 
States by Hitchcock and Norton (1896) in Kansas, by Arthur (1900) in Indiana and 
by Clinton (1900) in Illinois. The De Candollean concept made its impress on these 
studies, as all were concerned at first with seed treatments for control and attempts to 
produce infection by seed-borne spores. All obtained negative results from seed 
disinfection, thereby supporting the earlier conclusions of Brefeld that infection is 
from wind-borne sporidia which reach various aerial parts of the corn plant. In the 
following years minor additions were made to our knowledge of the disease by various 
workers, and more recently Piemeisel (1917) has studied factors affecting the parasit- 
ism of the smut fungus, Melchers (1921 and 1925) has suggested the possibility of 
biological strains and has reported on the life historj^ and ecologic phases of the disease. 
Jones, Holbert, Hays, Garber and others have made special studies in the breeding of 
corn for smut resistance. 

Corn smut is prevalent in both North and South America to a greater or less extent 
wherever corn is grown. The same holds true of some European countries, but 
according to Magnus it did not reach middle Germany until 1875. It is recorded by 
Butler as common and destructive in parts of India, and rare or absent in other 
sections. In 1910 Me Alpine reported that the common corn smut of Australia was 
the head smut, and that Ustilago zeoB was not known to occur in that country. 

S3nnptoms and Effects. — The disease appears on the various aerial 
parts of the corn plant as either small or large tumors, at first whitish due 
to a covering membrane, but later dark and then black from the develop- 
ment of the enclosed smut mass. These smut tumors or sori may vary 
in size from minute pustules on the leaves to others, on the stalks or ears, 
as large as a child's head. When they reach maturity the covering 
membrane dries and breaks, exposing the dry, pow’^dery mass of spores. 
Tumors may appear at almost any place where meristematic tissue occurs, 
but they are common on or near the midribs of leaves, at the junction of 
the leaf sheath and blade or at the nodal buds on the stem. Individual 
flowers of the female inflorescence or ear, groups of flowers or the entire 
ear may be involved. Sometimes the ovaries remain rudimentary or 
aborted or each may be hypertrophied to form a tumor. The surrounding 



Pig. 217 . — Ustilago zees on an ear of com. 


cence the individual organs may be converted into smut tumors, which 
are frequently elongated, irregular, greatly enlarged structures. The 
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impression frequently prevails that only ears and tassels are smutted, 
but this is due in part to the conspicuous character of the tumors on these 
structures, and in part to the fact that in light attacks the flowers seem 
to be more generally affected. In this connection an actual count of 
1741 smutted plants with the distribution of the sori (Arthur, 1900) will 
be of interest. From the above figures it may be noted that a larger per 


Fig. 218 . — Ustilago zm, 4, on corn tassel; B, on midrib of a leaf blade. 


cent of the tumors were produced on the vegetative structures than on 
the reproductive structures. 


Number Percentage 


Kegion of plant 


pustules pustules 


Stem between first and fifth nodes ^ 

Stem between fifth and tassel 

Leaves (blade and sheath) 

Ears 

Tassel 


Total number pustules on 1,741 plants 2,023 100.0 

1 According to Potter and Melchers these infections are not in reality on the stems, but on the buds 
at the nodes. 

Apparently, based on the researches of ChifHot (1909) and litis (1911), 
Butler states that 

Deep-seated alterations may be caused in the inflorescence as a result of the 
attack. It is well known that in maiae the male and female inflorescences are 
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separate, the former terminal, the latter lateral. In smutted plants, however, it 
lias sometimes been observed that the male inflorescence bears female and hermaph- 
rodite flowers in its lower part and may even give perfectly normal grain at 
the base. 

More recently, however, Werth (1913, 1919) has proved by experi- 
ments that the development of hermaphroditic flowers in the tassel is 
not related to the presence of smut. 

Loss from Corn Smut. — This is variable and rather difSeult to measure. 
Corn smut may be present in traces only or a very high per cent of the 
ears may be smutted. The writer observed a field of sweet corn in 
Texas in which 60 per cent of the ears were smutted, and Bessey (1889) 
has recorded a loss of 66 per cent in sweet corn in Iowa. In both cases 
the land had been cropped to corn for a number of years. These figures 
are high for field corn, especially if rotation is practiced. Losses of 5 
to 15 per cent are recorded for Wisconsin in 1881, 20 per cent in parts of 
Hungary in 1902-1903, while Clinton (1900) estimated the loss for Illi- 
nois at to 5 per cent. The Plant Disease Survey Records for the 
period from 1918-1924 estimate an average annual reduction in yield for 
the entire United States at 2.1 per cent (Melchers, 1925). “As the grain 
is the chief object for which corn is grown, one can properly measure 
the injury to the smut by its action on this part alone. The injury 
manifests itself both directly and indirectly (Clinton, 1900). An ear 
may be totally destroyed or it may be only partially smutted, and this 
direct injury is clear cut, but the indirect effect of adjacent lesions on the 
number and weight of ears must also be taken into consideration. The 
difference in yield between smutty and clean stalks has been found to be 
as high as one-third, but it must be evident that the injury will vary 
according to the number and location of the infections. 

Etiology. — The common smut of corn is due to Ustilago zece (Beckm.) 
Ung., one of the true smuts, or Ustilaginales, in which the infections are 
localized, and not the result of a mycelium that has grown up through 
the tissues of the plant from the seedling stage as in the bunt or stinking 
smut of wheat. The fungus was named Lycoperdon zem by Beckmann in 
1768, and this generic name will be recognized as that of some of our 
common puff' balls. Other generic names were used by various early 
writers but Unger assigned the fungus to Ustilago in 1836. 

A mature smut tumor consists of the thin covering membrane of 
host origin of thin-walled, uncuticularized, polygonal cells, with few 
distorted stomata and no trichomes. This encloses the mass of powdery 
spores mingled with remains of the old collapsed parenchyma cells of 
the host and fibrovascular bundles which make a fibrous network. The 
mature spore is spherical to ellipsoid, 7 to 12/^ in diameter, with a brown 
wall covered with small spines. These spores are set free by the rupture 
of the enclosing membrane and may be mingled with the soil debris or 
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scattered about by the wind. They may be carried to the feed lot with 
smutty corn fodder and there mingle with the barnyard manure. Either 
at once or after a period or dormancy the spores gerniinate if supplied 
with suitable moisture and temperature conditions. The immediate 
product of germination is not an infection thread, but a pvoMyceliuMj 
which in its simplest form consists of four somewhat elongated cells from 
which both terminal and lateral are formed as somewhat fusi- 

form bodies of variable size. Under favorable conditions of nourish- 
ment the promycelium may branch and a growth of some size may be 
developed, with an abundance of sporidia. Separated sporidia may 
germinate at once to form infection threads, or if supplied with a nutrient 




Fig. 219. — Germination of spores oi TJstilago zem. a~f, germination in manure decoc- 
tion at 19 hours; g, formation of germ tube in water at two days; h and i, promycelia at 
7 days producing sporida; j and k, typical sporidia, the three lower in /c germinating. 
(After Stakman, Minn. Agr. Exp, Sta. Bui. 133.) 

solution they will bud profusely in a yeast-like fashion, to form secondary 
sporidia which may behave exactly like those produced directly from 
the promycelium. When promycelial filaments reach the air, sporidia 
are produced in great abundance in simple or branched chains, and as 
these are detached they are readily borne away by the wind. The original 
spores may be scattered by the wind and germinate wherever they find' 
lodgment, and still further dissemination will result from the wind-borne 
sporidia. This extensive aerial dissemination of the sporidia was first 
demonstrated by Brefeld (1895). Whenever these sporidia reach young 
growing tissue of the corn plant they may germinate and produce local- 
ized tumors. Each tumor which is formed is the result of a separate 
infection, and the mycelium spreads but little from its original point of 
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entrance. The period between infection and the formation of mature 
sori varies from 7 days to 3 weeks, depending upon environmental 
conditions. 

The germ-tube bores through the young epidermis and at first grows into and 
through the cells of the parenchyma below, stimulating them to active division. 
Some of the branches extend rapidly throughout the tissues, so as to spread the 
infection over a considerable area; these are known as infection hyphm. Others 
form little clumps, with many branches, within individual cells; these are the 
feeding hyphsc, which may be compared to the haustoria of parasites that live 
mainly between the cells as the rusts of wheat. The infection hyphse may either 
grow between the cells, sending feeding hyphse into them, or may pass directly 
across a cell. In the latter case, the fungus does not, as a rule, come into contact 
with the cell contents, being enclosed in a cellulose tube or sheath which is 
manufactured around the hyphse the moment it enters the cell, and keeps pace 
with its growth. This sheath is developed through the activity of the cell proto- 
plasm, and is a defensive device by means of which the cell endeavors to protect 
itself against the injurious action of the fungus. Sometimes it is formed so 
rapidly and in such strength as to stop the growth of the hypha altogether. In 
the young thin-walled parenchyma of the newly formed tumor, the bulk of the 
fungus is found chiefly between the cells, and up to the time of spore formation 
there is no destruction of the cell contents, the pai’asite living on surplus food 
supplied by the plant. The infection hyphse, passing across the cells enclosed in 
their cellulose sheaths, are best seen towards the margin of the tumor. The 
hyphse do not confine themselves to the cells of the parenchyma but also penetrate 
the young bundles, being found, for instance, in the large vessels of the axis of 
the inflorescence in diseased ears. They do not, however, extend far beyond the 
seat of primary infection, being Kmited of the swollen tissues of the tumor (Butler, 
1918). 

After the mycelium has permeated the tumor tissue, spore formation 
is initiated. The compact, branched hyphse become segmented into short 
uninucleate cells, adjacent pairs becoming merged by the solution of the 
separating wall into irregular cylindrical binuculeate cells. In the mean- 
time general gelatinization of the walls occurs and these binucleate masses 
of protoplasm surrounded by gelatinous sheaths constitute the spore 
origins. Each spore unit becomes rounded, surrounds itself with a spore 
wall, the gelatinous remains of the hyphm are used up, the two nuclei 
unite and the isolated spores first constitute a pasty mass, which becomes 
powdery in the mature tumor. 

It was formerly believed that the smut spores germinate only after 
passing through a period of winter rest, but numerous workers have 
shown that they will germinate if taken directly from new tumors in the 
middle of thesummer. Piemeisel (1917) obtained anaverage germination 
of 42.8 per cent in tests made from June 24 to Oct. 10, but much higher in 
Cohn's nutrient solution (100 per cent or slightly less). Although they 
will germinate immediately, they are able to retain their viability for 


DISEASES DUE TO SMUT FUNGI 


697 


several years, and Brefeld records their germination when 7 years old, 
while Piemeisel obtained infection from material 5 years old/ It is of , 
importance to note that spores of corn smut lose their viability after hav- 
ing been kept in a silo for a few weeks, probably from the action of silage 
acids, especially acetic (Piemeisel, 1917). The relation of temperature to 
germination has been recently studied by Jones (1923). The optimum 
was found to lie between about 26 and 34°C., the maximum between 36 
and 38° and the minimum was 8°. The optimum is higher than for some 
other smuts (see Bunt or Stinking Smut of Wheat) and probably explains 
why corn smut is more severe in warm corn-growing sections than in the 
cooler regions. Potter and Melchers (1925) have shown that corn smut 
is much worse in the dry, hot areas of Kansas than elsewhere. 

It was formerly the belief that the spores could pass through the \ 
alimentary canal of animals without losing their viability. Arthur and 
Stuart (1900) concluded from their tests that ^'smut spores when eaten 
by animals are doubtless in large part or wholly killed, although their 
microscopic appearance may remain practically unchanged.'! It is 
evidently the uneaten portions of the smut that are sources of danger 
when they find their way back to the field with barnyard manure, 
although further studies on this point are necessary. 

The sporidia have generally been considered as short-lived, and 
according to Arthur and Stuart (1900) ^Hhese are borne through the am, 
which must be rather moist or the sporidia will be killed by drying." 
Brefeld J^1895) found that sporidia dried for 5 weeks were killed, but 
Piemeisel (1917) found that sporidia taken directly from pure cultures 
would withstand drying on cover glasses for 149 days at room tempera- 
ture. If taken from a water suspension and dried, thus more nearly 
approaching natural conditions, they are more sensitive to desiccation. 
They still remained viable after being grown continuously in pure cultures 
for 33 =^ years. Freezing injures sporidia but little, as may be judged 
from tests in which they were exposed to ~28°C. without losing their 
viability, but moist sporidia are killed by alternate freezing and thawing. 
They can germinate and bud in silage juice but are injured by solutions 
equal in acidity to silage. 

Spores of corn smut will germinate in the compost heap and sporidia 
will continue to bud in water extracts of manure, in much the same way 
as in nutrient solutions. This budding of sporidia undoubtedly occurs to 
a greater or less extent under natural conditions in the barnyard or in the 
field, the exact behavior var 3 dng with the compositions of the solutions 
in which germination occurs. This behavior will explain how the enor- 
mous number of smut spores produced by a tumor may be increased and a 
more widespread dissemination brought about. 

Under experimental conditions very young plants may be infected, 
as has been demonstrated by various workers, but such plants generally 
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were destroyed by the smut. It is probable that this type of infection is 
very rare under natural conditions. Under natural conditions infections 
may result when plants are 1 to 3 feet high. The host is apparently more 
susceptible when from 2 to 3 feet high or to the tasseling stage. The 
conclusions of Hitchcock and Norton (1896) still hold: 

(1) Infection may take place any time in the season when the corn is growing, 
and does not depend so much on the time of the season as on the stage of develop- 
ment of the plant. (2) Infection may take place in any part of the plant where 
growing tissue is present and at any time in its life, but scarcely ever before the 
plant has attained the height of 3 feet. (3) After the tissues are hardened, the 
smut cannot penetrate them, and consequently infection does not take place in 
the older parts of corn, but only in growing tissues. This growing condition is 
found in the young leaves when the smut first appears in the field; later it occurs 
mostly at the junction of the leaf and the sheath, where cells are present for a long 
time in a state of growth, and are consequently exposed longer to penetration 
by the germ tubes from the sporidia; still later this is found in the flowers and 
young parts of the ear and tassel, while finally the only parts open to infection 
are the rudimentary ears, at each joint on the lower part of the stalk. 

Host Relations and Conditions Favoring Smut . — Ustilago zece affects 
but one other host besides common corn. It has been found under natu- 
ral conditions on the related plant, teosinte {Euchlcena mexicaiia)^ and 
artificial infections have been successful. Differences in susceptibility of 
different varieties of corn have been noted. Pammel reported the great 
severity of smut on corn imported from Mexico, South America^ and the 
Philippines, and mentions the fact that it is supposed to be more severe in 
warm countries than in cold countries. In breeding work, Jones (1918) 
has described the differences in susceptibility of inbred strains of maize to 
smut attacks, and Hays el al. (1924) report an average of 1.9 per cent in 
two dent varieties and injury ranging from 3.9 to 13.4 per cent in three 
flint varieties. This is in keeping with previous statements that flint 
varieties are more susceptible than dent varieties. According to Melchers 
(1921), ^^It is being found that selections and crosses of corn showing 
resistance to smut in one locality or state are much more susceptible in 
other sections,^' and he attributed this largely to the physiological differ- 
ences in the smut fungus, since some strains are known to be much more 
virulent than others. 

Any conditions, such as rich, moist soil, which stimulate the host 
to vigorous growth with softness or increased succulence, increase the 
chances for infection. If conditions are favorable, the longer the growing 
season the greater the amount of smut. Therefore, early-planted corn 
generally smuts worse than a late-planted crop. Infection occurs very 
largely during either cloudy, moist days or during dewy nights. Showers 
followed by bright sunshine are less conducive to smut than moderate 
rains with slow clearing and moist nights. Close planting is favorable to 
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smut, since the air remains moist for a longer time than in a thinner stand 
More recent studies indicate, however, that the presence of moisture is not 
so important a factor for corn-smut infection as formerly believed 
Although smut can enter the unbroken tissue of the corn plant, infections 
may be greatly increased by mechanical injuries. MacMillan (1918) 
records a case in which smut was increased from 1 to 19 per cent by a hail 
storm. The storm caused the increase by rupturing mature smut masses 
and scattering the spores and making numerous wounds through which 
infections resulted. 

Com Smut Wot Poisonous to Cattle. — The belief has been and still is 
prevalent that corn smut is poisonous to cattle, and at one time it was 
looked upon with suspicion as having something to do with the so-called 
corn-stalk disease of cattle. Analyses of corn smut have shown that it 
contains more protein than corn, oat or clover hay, with a high content of 
carbohydrates (Smith, 1896). Feeding experiments have been carried 
out by workers at the Wisconsin, Illinois, Michigan and Kansas Experi- 
ment Stations and at the U. S. Department of Agriculture (Moore,- 1896) 
and the results are summarized by Arthur ( 1900) as follows : 


As eaten by animals in the field it is only rarely injurious; the action, when 
any occurs, affects the nervous system, and except in the unusual case of death 
causes no permanent injury. The alkaloid, or other active principle, occurs in 
corn smut in small amounts, and only under rare and exceptional circumstances is 
an animal likely to eat enough of the smut in any form to be affected by it. 


Although corn smut has been reported to contain an active principle 
resembling that of ergot in its action, it is not present in sufficient amount 
to be of danger to cattle. Smith (1896) stated that feeding up to 11 
pounds per day produced no signs of abortion in pregnant cows and that 
the milk yield remained normal. 

Control. — Since it has been definitely shown that the smut does not 
result from seed-borne spores of the pathogene, seed disinfection can be 
of no value. This has repeatedly been proved by the early experimental 
tests. Since the infections are local and on aerial parts, spraying with a 
fungicide may be expected to give protection. It is interesting to note 
that experimental tests have shown that corn can be protected by spray- 
ing with Bordeaux. While a certain measure of protection by this 
treatment is possible, it has been considered too troublesome and too 
expensive to be introduced into farm practice and gives less protection 
when the host injury is taken into consideration than was formerly 
believed (Potter and Melchers, 1925). The remaining control practices 
for consideration are: (1) crop rotation or not planting corn mdfb often 
than once in 3 years on the same land; (2) the collection and destruction 
of smutted ears or stalks before the spores have been disseminated; (3) the 
avoidance of smut-contaminated manure as a fertilizer for corn ground; 
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(4) the adoption of planting and cultural practices which will be the least 
favorable to infection; (5) the use of resistant varieties. At the present 
time the main reliance is placed on crop rotation in the general corn belt. 
The destruction of the smutted ears and stalks maybe practical and profit- 
able in truck gardens, but would hardly be a paying operation for extensive 
field practice. 
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Suppl 40: 161-164. 1925. 


IMPORTANT DISEASES DUE TO SMUT FUNGI 


1. USTILAGINACEiE 


Loose smut of oats {Ustilago avence (Pers.) Jens.). — Butler, E. J.: Fungi and Disease 
in plants, pp. 179-182. 1918. Zade, A.: Experimenteile Untersuchungen fiber 


Fig. 220. — Oat smuts.’ A, kernel smut, {Ustilago levis); B, loose smut, {Ustilago avenm). 

die Infektion des Hafers durch dem Haferflugbrand. Filhl. Landw. Zeii. 71 : 
393-406. 1922, (Records the mycelial infection of the glumes at flowering 

time.) : Neuere Untersuchungen ueber die Lebensweise und Bek am pf ung 
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des Haferflugbrandes. Angew. Bot. m-125. 1924. Bartholomew L K 

AND Jones, E. S.: Relation of certain soil factors to the infection of oats by l^se 
smut Jour Agr. Res. 24 : 669-575. 1923. Gassner, G.: Die Verwendung 

Queeksilber haltiger Beizmittel zur Bekampfung des Haferflugbrandes Anoev, 
Bot 6 : 463-477. 1924. Reed, G. M.: The inheritance of resistance of o^t 

hybrids to loose smut. 17: 163-181. 1925. Diehl, O.: Experi- 

mentelle Untersuchungen uber die Lebensweise und Bekamfung des Haferflua- 
brandes. Bot. Arch., 11: 146-199. 1925. Sampson, K.: Some infection 

e^enments with loose and covered smuts of oats which indicate the existence in 
them of biological species. Ann. App. BioL 12: 314-325. 1925 

Covered or kernel smut of oats (Ustilago levis (K. & 8.) Mag.).— Heald P. D.; 
Oat smuts of Washington. Proc. Wash. State Grain Growers Assoc 13" 2S-'i4 
1919.^ Reed, G. M., Gh™, M. A. and Briocs, P. N.: Varietal su^eftib^ 
ity of oats to loose and covered smuts. U. S. Dept. Agr. Bui. 1276: 1-39 
1925. 

Loose smut of barley {UstUago nvda (Jens.) K. & S.).~Prbeman, E. M and 
Johnson, E C.: The loose smuts of barley and wheat. U. S. Dept. Agr. Bur 
71 /nd. Bui. U2i 1-43. 1909. Tisdale, W. H. and Tapke, V. P.; Infection 

ot barley by Ustilago nuda through seed inoculation. Jour. Aar Res 29- 
284. 1925. ^ 

Covered smut of barley (Ustilago hordei (Pers.) K. & S.).— He.4.ld P. D • Seed 
treatments for the smuts of winter barley. Neb. Agr. Exp. Sta. Ann. Rept. 21 : 


Fio. 221.-Barley smuts. A, covered smut, (UstUago hordei); B, loose smut. (IhlUago 

nuda). 


4^53. 1908. Tisdale W. H., Tavlor, J. W. and Grireiths, M. A.: Experi- 
ments with hot water, formaldehyde, copper carbonate and chlorophol for the 
control of barley smuts. Phytopath. IZz 153-160 1923 

Loose smut of wheat and (UstUago iritici (Pers.) Rost.).-(See special treatment 
of loose smut of wheat.) Humphrey, H. B. and Tapke, V. F.; The loose smut 
of rye (Ustilago tnhd). 16: 598-606 1925 

Coi^on smut of com (Ustilago ae« (Peck) Dng.).-(See spedal treatment.) 

Leaf smut of timothy and other grasses (Ustilago striaeformis (West.) Niess.).— Osner 
Or. A. : Leaf smut of timothy. Cornell Univ. Agr. Exp. Sta. Bid. 381 ; 185-230.' 
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1916. Davis, W. H.; Spore germination of Usiilago sirifeform.u. Phytopath. 14: 
251--267. 1924. 

Millet smut {Ustilago crameri Korn.). — Vasey, H. E. : Millet smuts and tlieir control. 
Colo. Agr. Exp. Sta. Bui. 242: 1-22. 1918. Sundtjbaman, S.: Usiilago crmneri 

Koern. on Setaria italica. Agr. Res. Inst. Pusa. Bui. $7 : 1-11. 1921. 

Kernel smut of sorghum (Sphacelotheca sorghi (Lk.) CL).— Kulkaeni, G. S.: Smuts of 
jowar (Sorghum) in the Bombay Presidency. Agr. Res. Inst. Pusa. Bui 7B: 
1-26. 1918. Butlek, E. J.: Fungi and Disease in Plants, pp. 208-211. 1918. 

Reed, G. M.: Varietal resistance and susceptibility of sorghums to Sphacelotheca 
sorghi (Lk.) CL and Sphacelotheca cruenta (Kuhn) Potter. Mycologia 1 5 : 132-143. 
1923. Reed, G. M. and Fabis, J. A.: Influence of environmental factors on the 
infection of sorghums and oats by smuts. Amer. Jour. Bot. 11 : 518-534. 1924. 
Reed, G. M. and Melchers, L. E.: Sorghum smuts and varietal resistance in 
sorghums. U. S. Dept. Agr. Bui 12S4:: 1~56. 1925. 

Loose kernel smut of sorghum (Sphacelotheca cruenta (Kiilin) Potter). — P otter, A. A. : 
The loose kernel smut of sorghum. Phijiopath. 5: 149-154. 1915. Paris, 

J. A,: Modes of infection of sorghums by loose kernel smut. Mycologia IT: 
51-67. 1925. 

Head smut of sorghum and com (Sorosporium reilianum (Ktilin) McAlp.). — Potter, 
A. A.: Head smut of sorghum and maize. Jour. Agr. Res. 2: 339-371. 1914. 

Dana, B. F. and Zundel, G. L.: A new corn smut in Washington. Phytopath. 
1 0 : 328-330. 1920. Dana, B. F. and Zundel, G. L. : Head smut of corn and 

sorghum. TFas/i. Agr, Exp. Sta. Pop. Bui. 119 : 1-6. 1920. 

2. T 1 LLETIACE.E 

Bunt or stinking smut of wheat (Tilletia tritici (Beij.) Wint. and T. levis Kiihn). — 
(See special treatment.) 

Black smut of rice (Tilletia horrida Tak.).— Anderson, A. P.: Anew Tilletia parasitic 
on Oryza saliva L. Bot. Gaz. 27: 467-^472. 1899. Fulton, H. R.: Diseases 

affecting rice. La. Agr. Exp. Sta. Bui 106: 24-28. 1908. Butler, E. J. 
Fungi and Disease in Plants, pp. 226-228. 1918. 

Flag smut of wheat (Urocystis Koern,).— Me Alpine, D.: Flag smut of wheat. 
Smuts of Australia, pp. 88-102. Melbourne. 1910. Tisdale, W. H., Dungan, 
G. H. AND Leighty, C. E.: Flag smut of wheat with special reference to varie- 
tal resistance. HZ. Agrr. 242 : 509-538. 1923. Griffiths, M. A.: 

Experiments with flag smut of wheat and the causal fungus, Urocystis tritici 
Kcke. Jour. Agr. Res. 27 : 425-450. 1924. Noble, R. J.: Studies in the para- 
sitism of Urocystis tritici Koern., the organism causing flag smut of wheat. 
Jour. Agr. Res. 27 : 451. 1924. 

Rye smut (Urocystis occulta (Wallr.) Rab. — ^Stakman, E. 0. and LEvine, M. N.: 

Rye smut. Bui. Minn. Agr. Exp. Sta. IBO: 1-19, 1916. 

Onion smut (Urocystis cepulce Frost). — Anderson, P. J.: Development and patho- 
genesis of the onion smut fungus. Mass. Agr. Exp. Sta. Tech. Bui 4: 99-133. 
1921. Walker, J. C. and Jones, L. R. : Relation of soil temperature and other 
factors to onion smut infection. Jour. Agr. Res. 22: 258-261. 1921. Ander- 

son, P. J. AND OsMUN, A. V,: An improved formaldehyde tank for the onion drill. 
PhywpatL 13: 161-168. 1923. Zillig, H.: Unsere heutigen Kentnisse vom 

Zwiebelbrand (Tuhurcinia cepulcB (Frost) Liro) und seiner Bekampfung. Cen- 
iralhl BakL Par., II Abt. 60 : 50-58. 1923. Anderson, P. J. and Osmun, 

A. V.: The smut disease of onions. Mass. Agr. Exp. Sta. Bui 221: 1-29. 1924. 

Anderson, P. J. : Comparative susceptibility of onion varieties and the species of 
Allium to Urocystis cepulce. Jour. Agr. Res. 31: 275-286. 1925. 

White smut of spinach (Entyloma ellisii Halst.). — Halsted, B, D.: Some fungous 
diseases of spinach, N, J. Agr. Exp. Sta. Bui. 70: 1-15. 1890, 


CHAPTER XXV 


DISEASES DUE TO RUST FUNGI 
TOEDINALES 

The rust fungi or the Uredinales represent an order showing certain 
relationships with the true basidium fungi, and because of these affinities 
they have sometimes been designated as Protobasidiomycetes. 

Nature and Importance. — The common name of the order has been 
suggested by the conspicuous orange or reddish spore pustules or sori 
which are characteristic of certain stages in the life cycle of typical 
forms. The true rust fungi are obligate parasites affecting a few ferns, 
but attacking in the main various species of seed plants (Gymnosperms 
and Angiosperms), The ravages of rust are known wherever plants 
are cultivated, species of the order being responsible for important dis- 
eases in nearly all groups of economic plants: cereals and grasses; forage 
crops; fruits of the garden and orchard; greenhouse and garden orna- 
mentals; and trees of the forest. In addition to the species attacking 
economic plants there is a wealth of forms which are confined to weeds 
or to plants of no importance. 

General Characters. — The following are the important characters 
of the group: (1) an intercellular, branched, septate mycelium (more 
rarely intracellular) containing yellowish or orange-red oil drops; (2) 
polymorphism of spores, typical rusts producing a succession of five 
different forms in the course of the life cycle; (3) the germination of the 
teliospore to form a promijcelium^ or a sporuiating stage independent of 
the host, rather than the direct production of an infection hypha; and 
(4) the development in certain species of heteroecism, or the separation 
of the spore forms on two separate and unrelated hosts. 

The Mycelium and Its Effects. — The internal, intercellular, septate 
mycelium is frequently brought into nutritive relations to the host cells 
by the formation of specialized sucking organs or haiistoria which pene- 
trate the cells. These haustoria may be globular, tubular, inflated, 
branched or in ball-like coils. Uninucleate and biniicleate mycelial 
cells are characteristic of certain stages in the life cycle. The first effect 
of rust mycelium is not normally a killing of the host cells, but frequently 
a stimulating effect which may cause abnormal growth and continuation 
of vegetative development. When death of cells occurs it is generally 
delayed until the mycelium has deyeloped spore fruits. The mycelium 
may be purely local or it may spread extensively throughout special 
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organs, certain shoots ■ or even the entire plant. In the case of local 
development, it spreads 'radiately from a center of infection for a few 
weeks or a month and develops a spore fruit and then dies leaving a 
dead brown spot, or in other cases the mycelium may slowlj^ advance 
after the first spore formation, and produce other spore fruits. In most 
cases when there is an extensive development of the mycelium from a 
single infection the host parts may be variously malformed, galls, hj^per- 
trophied stems or witches' brooms appearing with the suppression or 
deforming of leaves or flower parts. In many such cases the mycelium 
may be perennial within the host tissues and continue to advance as 
long as the host remains alive, or in other cases it soon pervades the entii-e 
plant and may continue to sporulate from season to season. In other 
cases the mycelium may require more than a single season to reach the 
sporulating stage, after which it dies. 

The Spore Forms. — The following spore fruits and spores are produced 
in succession by a typical rust and each stage may be indicated by a 
symbol: 


Symbol 

Spore fruits 

Spores 

Stage 

0 

I 

Pycnia (Spermogonia) 
^Ecia- (^cidia) 

Pycniospores (Spermatia) 
^ciospores (^cidiospores) 

1 Cluster cup 

II 1 

Uredinia (Uredosori) 

' Urediniospores (Ureddspores) 

Red rust 

III. ' 

Telia (Teleiitosori) 

Teliospores (Teleutospores) 

Black rust 


As soon as mature or after a period of rest each ceil of the teliospore under 
favorable conditions may form a four-celled filamentous structure, the 
promycelium, each cell of which gives rise to a sporidiu-m or the fifth spore 
form. The names of the spore fruits and spores in parentheses were the 
ones generally used up until 1905, when Arthur proposed the other terms, 
which have now been generally accepted by American workers. 

A rust may develop all types of spores (0, I, II, III and IV sporidia) 
in the course of its life cycle, or some species may omit one or more forms. 
The kind of spore forms for a given species is generally constant and may 
form a basis of classification. 

The pycnia are minute flask-shaped 'or disk-like receptacles and open 
by a narrow pore or ostiole, or in some cases by a wide pore. They are 
either subcuticular or subepidermal, and the cavity is lined by hyph.« 
from which rounded, oval or elongated, spore-like bodies, the pycnio- 
spores, are abstricted. These pycniospores are produced in large quanti- 
ties and are extruded from the ostiole with a sweetish secretion in which 
they are embedded. The pycniospores were supposed to be male cells, 
hence the old name of spermafia and spermogones or spermogonia. 
Whatever their original nature, they are now functionless, serving neither 
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as male cells nor as conidia, since they are not able to reproduce the species. 
The pycnia never appear alone, but are always accompanied or closely 
followed by secia or some other spore form. 

The (Bcia are globular, cup-shaped, tubular or irregular fungous 
fruits which burst through the epidermis or periderm of the host. In 
the typical form an aecium consists of a membrane of fungous cells, the 
peridium, enclosing or surrounding the central fertile portion, or sporif- 
erous hyphse which produce the one-celled wciospores in chains. The 
«ciospores are mostly with an orange contents, polygonal in shape from 



Fig. 222. — Senudiagrammatic representation of spore fruits of a typical rust, n, an 
ffioi um with leciospores; B, pycuium with pj^'cnio spores; C, iiredinium with uredinio- 
spores; D, teliurn with teiiospores. (After WcUstein, Ilandbuch der Systematitichcn Botanik.) 

crowding, and quite uniformly exhibit minutely warty, external walls. 
Typical seciospores germinate by the production of an infection thread 
which may establish a new mycelium either on the same host or upon 
another one. This mycelium gives rise to either uredinia or telia, or in 
a few cases to secondary secia. Four general types of secia are recognized, 
based on the presence of absence of a peridium and its character: (1) 
peridium entirely absent or represented by a surrounding circle of sterile 
hyphae or paraphyses (Caeoma); (2) body cup-shaped with the free or 
protruding edge of the peridium toothed ( JScidium) ; (3) peridium elon- 
gated-cylindrical, straight or curved, and split into segments which recurve 
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in more or less star fashion when dry (Roestelia); and (4) oblong, globular 
or inflated with .the peridium irregularly split or bro,ken .(Periderriiium). 
and confined to the leaves and stems of Coniferai. 

The uredinia are groups of spore-bearing hyphae crowded together 
to form spore pustules or sori, which become exposed by the rupture of 
the cuticle or the epidermis beneath which they are developed. Each 
short upright hypha or pedicel cell produces a single elliptical, ovoidal 
or spheroidal spore, a urediniospore. These spores are ahvays imiceliular, 
binucleate, with relatively thin, colorless or slightly brownish wall, 
marked on the surface with minute spines, needles or warts, and provided 
with one to 10 equatorial germ pores, while the contents are generally 
yellow or orange from the abundance of yellow oily material Glavate 
or capitate sterile hyphse or paraphyses are found mingled with the fertile 
cells in certain species. The urediniospores are easily detached from their 
pedicels and are able to germinate at once, forming infection hyphse 
which enter the host through stomata. The resulting mycelium produces 
new uredinia, hence the urediniospores may be considered as a device for 
the rapid propagation of the species. They are formed in great profusioil 
during the growing season and may be called the summer or repeating 
spores. They constitute the red-rust stage which is so conspicuous in the 
cereal rusts. 

In certain species of rusts the urediniospores may show a changed 
structure and behavior. They may be thick- walled, have a persistent 
pedicel and germinate after a period of rest. These modified forms, 
which are called amphispores, are found in semiarid regions and are 
apparently devices for carrying the fungus through periods of extreme 
drought. 

The are spore pustules or sori somewhat similar to the uredinia 
in general characters. They may be formed from the same mycelium 
or uredinia may be changed into telia. Telia generally .foll4w uredinia 
when these appear in the life cycle, but they never appear earlier. The 
normal sequence of spore fruits frequently postpones the organization of 
telia well into the growing period, or in annuals towards the time of host 
maturity. Either sessile or stalked spores, the ieliospores, are developed 
below the epidermis, in the epidermal cells or under the cuticle, and form 
sori of various forms and size, which may rupture the host tissue and 
expose the spores or remain embedded or covered. Telia are dark brown 
or black, powdery or gelatinous or form either cushion-like agglutinated 
layers or elongated columns. The teliospores are one to several or many 
celled, with relatively thick, dark walls that are smooth or variously 
sculptured with stris©, warts, reticulations, pits or spines or even extended 
into finger-like processes. Each cell of a compound spore is provided with 
one to four germ pores (one in the majority of species), is binucleate when 
young, but uninucleate when mature, and can germinate independently. 
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When separated from the sorus the pedicels generally remain attached to 
the basal cell. Germination of teliospores may occur in some species in 
the fall or as soon as mature, but in the majority of cases they must pass 
thtough the period of winter rest or be exposed to low temperatures before 
they can germinate. As contrasted to the urediniospores, which are 
repeating spores, for spreading the rust during the vegetative season, the 
teliospores serve the purpose of carrying the fungus over the winter period. 

Species which normally form two-celled teliospores (Puccinia type) 
may produce many spores which are one celled or similar to the Uromyces 
type. Such one-celled teliospores are called mesospores. 


Fig. 223. Types of teliospores. A, sessile or non-pediceliate forms; B, stalked or pedi- 
cellate forms. (Adapted from various sources.) 

A single-celled teliospore or each cell of a compound spore may germi- 
nate by the production of a short or elongated hypha-Iike structure, a 
promyceUuni, which divides into four cells, from each of which arises a 
small thin-walled, ovate, globular or kidney-shaped spore, or sporidiumj 
borne at the tip of a slender distal outgrowth or sterigma. A promyce- 
lium is sometimes considered as a hasidium and the sporidia as hasidio- 
spores. The sporidia are forcibly detached from their sterigmata and are 
adapted for wind dissemination. In many cases they are relatively short 
lived. In autmcious species they may infect the same host, but in 
heteroeeious forms they must be carried to the other or alternate host to 
produce an infection. 
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Heteroecism — It is generally agreed that the occurrence of all the spore 
forms on a single host (the autmcious types) is a primitive character and 
that later the spore stages became separated in some way so tiiat pycnia 
and ®cia were developed on one host and uredinia and telia on another. 
This separation of the spore stages on two distinct hosts, gefierally 
entirely unrelated, is known as heteroecism, and finds a more complete 
expression in the rusts than in any other plants, although it is not uncom- 
mon in certain lower forms of animal life. It is estimated that over 
one-twelfth of all the species of rusts are heteroecious and new phases of 
heteroecism or new cases of heteroecism are frequently reported, based on 
either observations or experimental inoculations. Under natural condi- 
tions the two hosts are members of the same plant society, while in certain 
cases agricultural or horticultural practices have created serious disease 
problems by bringing two suitable hosts into close proximity to each other. 
In grasses, sedges, rushes and allied plants bearing uredinia and telia, the 
pycnia and the aecia will generally be found on some dicotyledonous host, 
while many dicotyledonous hosts bearing uredinia and telia may have 
their a^cial stage on certain Coniferae, although the disposition of the 
stages may be reversed. A few of the important cases of heteroecism 
among plants of economic importance may be tabulated.^ 


Common name of the disease 
and scientific name of the 
rust 



II 


III 


Host 


Orange rust of aster and 
golden rod {Coleosporium 
solidaginis (Schw.) Thiim.) 

Blister rust of five-needle 
pines (Cronartium rihicola 
F. de Waldh.) 

Poplar rust (Melampsora 
-meduscB Thtim.) 

Witches’ broom of fir and 
spruce {Melam/psorella ela- 
tina (A. & S.) Arth.) 

Rust of apple {Gymnosporan- 
gium juyiiperi-virginianm 
Schw.) 

Pea rust {Urornyces pisi 
Wint.) 

Rust of stone fruits (Tranz- 
schelia punctata (Pers . ) 
Arth.) 

Corn rust {Pucdnia sorghi 
Schw.) 

Rust of beet and spinach 
{Pucdnia sarcobaii = P. 
subnitens Diet, 


Pinus spp. 


Pinm sirohm, P. monticola 
and other five-n e e d 1 e 
spines. 

Larix spp. (Larch) 

Abies and Picca species 


Wild crabs and cultivated 
varieties of apples 


Euphorbia cyparissias 
(Spurge) 

Hepatica, Thalictrum and 
Anemone species 

Qxalis 

Beet, spinach and 90 or 
more wild forms belong- 
ing to 22 families 


Aster and Solidago species 
and a few other Cardua- 
ceoe.' 

Cultivated and wild species 
of Ribe.s (currants and 
gooseberries) 

Populiis spp. 

Various species of Caryo- 
phyllaceie or pink family 

Juuiperus virginiana (red 
cedar); also on J. harba- 
densis. (Ill only) caus- 
ing “cedar apples” 

Pimm satimrn (Pea) and 
Lathyrus -pratensis 

Almond, apricot, cherry, 
peach and plum 

Zea mays (corn) 

Distichlis spicata (salt 
grass) 


1 See also the sneeial tabulation of the rusts of small trains, d. 739. 


710 


MANUAL OF PLANT DISEASES 


Life-eycle Combinations of Spore Forms. — The rusts may be' divided 
into two groups depending upon the presence or absence of certain spore 
forms: (1) the short-cycle species; and (2) the long-cycle species. In the 
former the mycelium from a sporidium (basidiospore) produces pycnia 
which are followed at once by telia, or the pycnia may even be omitted. 
In the latter or long-cycle forms either secia or uredinia or both are intro- 
duced between the pycnia and telia. The short-cycle types appear to 
represent a primitive condition, while the long-cycle types represent the 
highest specialization. The grouping of the spore stages and the termin- 
ology of the spore combinations may be presented in the accompanying 
tabulation. 


Ell-forms 

Opsis-foi-ms 

Brachy- 

forms 

Hemi- 

forms 

Lepto- and micro- 
forms 

Auto 

Hetero 

Auto 

Hetero I 

1 

Auto 

Auto 

Auto 

Auto 

0 

0 

0 

0 

0 


0 


■ I 1 

I 

I 

I 





II 

11 



II 

II 



III 

III 1 

III 

III 

III 

III 

III 

III 

IV, 1 

1 

IV 

IV 

IV 

IV 

' IV 

IV 

IV 


Long-cycle forms j Short-cycle forms 


Classification. — The Uredinales form a group of very closely allied 
species apparently of common origin. Two series may be recognized: 
(1) those in which the teliospores are sessile or without stalk (Impedi- 
cellatas) ; and (2) those in which the teliospores are distinctly stalked or 
pedicellate, although the pedicel may be short or caducous (Pedicellatsc). 
There seems to be no uniformity of opinion as to the families which should 
be recognized, but grouping them in the following five families affords a 
good expression of relationships: 

1, Endophyllaceae.— Pycnia and secia, with cup-like peridiiim or with 
peridium poorly developed or absent. Spores are produced from a 
fusion cell in chains with intercalary cells and are without perceptible 
germ pores as in typical aeciospores, but germinate as soon as mature by 
a typical promycelium and sporidia instead of forming an infection hypha 
direct. Because of this behavior the spores may be called iocio-telio- 
spores. This family includes the primitive rusts, the next step in advance 
being the separation of the single spore form into two: (1) the seciospores 
germinating conidially; and (2) the teliospores germinating basidially or 
by the formation of a typical promycelium. Two autcBcious genera may 
be noted: 

Endophyllum . — Preidium present, but sometimes poorly developed. 
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Kunkelid. Poridiuixi lacking, the secio-telia of the Cseoma typo. 

2. Coieosporiace®. — ^Life cycle generally includes 0, 1, II, III and IV. 
Telia forming waxy, bright-colored crusts or cushions of sessile, unicellu- 
lar teliospores seated on dilated hyphal ceils. Teliospores of the indehis- 
cent telia germinate in situ by the formation of three cross-walls in the 
somewhat elongated spore, while each of the four cells forms a long 
sterigma on which a large sporidium is borne. The four cells formed 
within the spore are the morphological equivalent of the typical external 
promycelium of other families. Urediniospores generally in chains. 
Two genera of the family may be noted: 

Coleosporitim —Life cycle, 0, I, II, III and IV. iEcial stage on 
needles of two-leaved pines. II and III mostly on dicotyledonous hosts. 

Gallowaya , — ^Life cycle III only, on Pinus. 

3. Cronartiaceae, — Teliospores unicellular, not pedicellate, produced 
in chains which remain separate or are united into lens-shaped, wart-like 
or columnar telia (Telial columns). Teliospores germinate with produc- 
tion of typical external promycelia. Uredinia naked or with a perid- 
ium. Urediniospores in chains or single. Two genera may be briefly 
characterized: 

Chrysomyxa . — Telia pulvinate; urediniospores borne in chains. 

Cronarthim . — Telia forming cylindrical columns, horny when dry; 
urediniospores produced singly on pedicels. 

4. Melampsoraceae.— Teliospores seated on inflated hyphal cells but 
unicellular or divided by longitudinal walls into several cells (two to four), 
not pedicellate, produced singly (IJrediniopsis) or forming extensive 
palisade-like layers one to several cells thick, which may be subepidermal, 
subcuticular or intraepidermal. Germination as in Cronartiacese. 
Urediniospores mostly single, rarely in short chains, frequently mingled 
with capitate or inflated spore-like paraphyses. Mostly heteroecious. 
Only the more important of the genera will be listed in the following key: 


A. Teliospores unicellular, in a single layer: 

Life cycle with only telia. ......... Neaium 

Life cycle with all spore forms: 

Teiiospore walls colored Melampsora 

Teiiospore walls colorless * M elampsorella 

B. Teliospores unicellular in more than one layer Fhakospora 

C. Teliospores two to four celled by longitudinal walls: 

Life cycle with all spores forms; teliospores subepidermal Pucciniastrum 

Life cycle with 0, I and III; teliospores intraepidermal Calyptospora 


6. Pucciniacesc. — Telia erumpent or covered, teliospores one to 
several-celled, borne singly on a pedicel or in groups on either simple or 
compound pedicels, free or embedded in a gelatinous matrix and dark 
colored or nearly colorless. Germination by the formation of typical 
promycelia. Urediniospores always solitary. .Ecia with or without 
peridium. The family shows all degrees of polymorphism, various degrees 
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of lieteroecism and the most complete plij^siological specialization or 
differentiation of biological species that is known among fungi. Some of 
the genera containing important pathogenes will be presented in the 


following key: 

A. Teliospores unicellular: 

Uredinia and telia subepidermal Uromyces 

Urediiiia and telia formed by fascicles of hyph® which protrude through 

stomata Hendleia 

jB. Teliospores two-celled by transverse partition: 

Teliospores free, two or more attached by fragile pedicels to a common stalk 

Tranzschelia 

Teliospores embedded in a gelatinous matrix .Gymnosporangium 

Teliospores free, borne singly on long or short pecidels: 

^cia of the Cseoma type Gymnoconia 

iEcia with distinct peridium Puccinia 

C, Teliospores more than two-celled by transverse septa: 

Teliospores embedded in a gelatinous matrix Gymnmporangium 

Teliospores free: 

Wall faintly colored or colorless Kuehneola 

Wall dark, and usually coarsely verrucose: 

Life cycle with all spore forms Phragmidium 

Life cycle with 0, I and III, pedicel of teliospores not swollen Earlea 


In the North American flora, Arthur recognizes three families of rusts: 
(1) ColeosporiacesB ; (2) Uredinace^3e, including Melampsoraee^, Cronart- 
iaeese and Endophyllaceae; and (3) .^Ecidiacese, synonymous with the 
Pucciniaceae. The composite genera, Uromyces and Puccinia, have been 
split up into several genera on the basis of the spore forms in the life cycle. 


Uromyces: 

Life cycle with all spore forms Nigredo 

Life cycle with 0, I and III Pucciniola 

Life cycle with 0, II and III Klebahnia 

Life cycle wdth 0 and III Teleutospora 

Puccinia: 

Life cycle with all spore forms Dimoma 

Life cycle with 0, I and III Allodus 

Life cycle with 0, II and III Bullaria 

Life cycle with 0 and III Micropuccinia 


6. Uredinales Imperfecti. — Certain form genera are recognized when 
the telial stage is unknown. With the proof of the telial connection, the 
species assigned to the form genera are referred to their proper genera. 


The form genera are as follows: 

Pycnia and secia or secia only: 

Peridium absent Cmoma 

Peridium present: 

Irregularly split. .Peridermium 

Body cup-shaped, margin toothed jEcidium 

Body tubular, margin fimbriate.-. . . . . ; . , ..................... .Bmtelia 

Uredinia only or also pyenia and ■■■seem .v. • VV- Umdo 
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Biological or ^ Physiological SpeciaUzation.— The development of 
physiological strains within certain morphological species is even more 
pronounced in the rusts than in the powdery mildews. Rusts may be 
monivorouSj that is, they may be confined to a single host species or ev€ 5 n 
variety, while many are plurivorous, that is, capable of infecting many 
different hosts which may be related or unrelated. Plurivoroiis species 
may be autoecious, as in Puccinia MctlvcicecLTUMj or in heterocciouB species 
the secia may be developed on several hosts and the uredinia and telia 
on a single host. The most extreme type of this class is illustrated by 
P. sarcobati (P. suhnitem) with 90 recorded secial hosts distributed in 22 
f amilies with uredinial and telial stage confined to the salt grass, Distichlis 
spicata. In other plurivorous forms there may be several hosts for both 
secial stages and uredinial or telial stages, or the aecial stage may be con- 
fined to one or two hosts while the uredinial and telial stages affect many 
different hosts which are generally closely related. The development of 
biological species may be expected in plurivorus forms. The most extreme 
case of biologic specialization is found in the stem rust of cereals (P. 
graminis) (see discussion of this disease). The existence of numerous 
biological strains has also been demonstrated in the other cereal rusts : 
crown rust of oats (P. coronata), stripe rust (P. glumarum), barley rust 
(P. dispersa), orange leaf rust of wheat (P. tritidna) and other rusts of 
less economic importance. 

Cytology of Rusts. — The seciospores of the rusts are binucleate and 
the mycelium produced from these spores is made up of binucleate cells. 
This binucleate condition continues in the uredinial mycelium and the 
urediniospores are also binucleate. The mycelium which produces 
teliospores is also binucleate and the young teliospore cells are binu- 
cleate, but shortly before maturity, or at least before the formation of the 
promycelium, the pairs of nuclei in the teliospore cells fuse, so that these 
cells become uninucleate. With the production of a promycelium the 
fusion nucleus divides and the daughter nuclei divide again. The four 
promycelial cells are thus uninucleate and their nuclei migrate into the 
sporidia during their formation. The mycelium formed by the germi- 
nation of the sporidia consists of uninucleate cells and thepycniosporesare 


uninucleate.- In the primordium of an secium there is a fusion of uni- 
nucleate cells or gametes. The product of this cellular fusion continues 
to grow, but without the fusion of the nuclei, and when cell division occurs 
the two nuclei divide simultaneously (conjugate division), giving rise to 
the chains of seciospores, each spore thus containing two nuclei which 
are not sister nuclei. The stage of the rust from the sporidia (basidio- 
spores) to the production of the fusion cell, or the uninucleate stage, is 
designated as the gametophytic generation, while the balance of the life 
cycle is the spofophytic generation. In a typical rust there is then an 
alternation of gametophytic and sporophytic generations in the life cycle. 
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ASPARAGUS RUST 

Puccinia asparagi DC. 

This widespread disease of asparagus attacks all parts of the asparagus 
plant above ground, causing yellowing and blighting of all green parts 
which develop after cutting has ceased and much injury in this indirect 
way to the crown and roots. The common name is appropriate, as 
severely affected plants are conspicuous from the numerous pustules of 
the red-rust stage of the pathogene which appears on the stems and 
cladodes. The pathogene will serve as an illustration of one of the trip"^ 
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rust fungi in which all spore stages are produced in succession upon a 
single host. 

History and GeograpMc Distribution. — ^The asparagus-rust patliogene was 
doscribed by De Candolle in 1805, and is known to have been present in European 
countries since that time, although it never seemed to cause a disease of any great 
consequence in its native habitat. It seems probable that it affected the common 
garden asparagus and a number of other naturalized species and finally made its way 
from Europe to America, where, finding conditions more favorable, it assumed the 
r61e of a disastrous disease and spread with remarkable rapidity. The first mention 
of asparagus rust in America was by Halsted (1898), who reported its occurrence in 
epidemic form in New Jersey, Delaware, Long Island and New England in 1896. The 
rapidity of its spread and its serious nature may be judged by the publication of 
special bulletins from Massachusetts (Stone and Smith, 1899), South Carolina (Ander- 
son, 1899), New York (Sirrine, 1900), Iowa (Pammel, 1900) and Indiana (Arthur, 
1889-1900). By 1900 it had spread until it was common in asparagus fields from 
New England to the Mississippi Valley and from Texas to Dakota. The sudden 
appearance over a wide territory suggests that the rust had been present for some time 
previous to its discovery by Halsted, and that conditions first became favorable for 
an epiphytotic in 1896. Similar general outbreaks of a disease have been recorded, for 
example, the appearance of stripe rust {Puccinia glumarum) of wheat throughout the 
Pacific Coast states in 1915, when it had not previously been recorded from that 
territory or even in any other part of America. In spreading to new territory the 
rust usually appeared first in the largest asparagus sections and then spread into sur- 
rounding territory. The epidemic of 1896 was followed by severe outbreaks in 1899 
and 1900. 

“After the first few years of the epidemic most of the older beds in the Atlantic 
states were entirely destroyed, the canning industry was practically abandoned, 
prices became about double what they had previously been, new varieties came into 
use and an entire readjustment of the asparagus industry took place^^ (Smith, 1905). 

Whether the rust spread from the eastern United States to southern California is 
uncertain, but it began to assume an epidemic character in that region in 1901, and 
continued to spread northward with unabated severity, ^;eaching Sacramento, the 
most northern of the large asparagus sections, by 1903. The severity of the rust in 
California led to the studies of Smith (1905, 1906), who was able to secure an effectwe 
and more practical control with sulphur than had been obtained by eastern workers 
(Sirrine, 1900) with resin-Bordeaux. It will be noted that asparagus rust developed 
extreme severity in regions with heavy rainfall, and in regions of light rainfall (Cali- 
fornia), but in the latter it was favored by heavy dews. Although the disease spread 
to the Pacific Northwest, it has been of little consequence, both moisture and tempera- 
ture factors being generally unfavorable. 

The organization of the Massachusetts Asparagus Growers’ Association in 1906, 
with the object of securing a rust-resistant variety by breeding, marked a new epoch 
and led to the work of Norton and the production of the extremely rust-resistant 
Washington strains (1913, 1919), 

Symptoms and Effects.— Rust is generally first noticed by the appear- 
ance of red spots in the “feathered-out^^ tops, and may appear any time 
after the tops are well branched. These red patches are due to numerous 
minute blisters covering the stems and needles, from which a reddish or 
rusty powder is liberated. These rust, pustules may be found, however, 
before they become sufficiently abundant to attract attention. There is 
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a gradual and rapid spread of the rust, and soon the tops throughout the 
field become generally affected. 

On passing through the tops one’s hands and clothing become colored by the 
dark-red powder from the innumerable rust blisters on every twig and needle, 
and a cloud of the same dust scatters into the air. Soon the red tops begin to turn 
to a bright yellow, giving an appearance of premature maturity. The needles 
fall to the ground, the yellow color is lost, and now' nothing remains but the bare, 
dead stalks, still covered by rust pustules, wdiich become black in color and no 
longer dusty. This is the final stage, and the sight of his fields dead and black 
in August or September, when formerly they presented a mass of rich-green foliage 
dotted with the coral-red berries, in a most distressing one to the asparagus 
grower (Smith, 1905). 



Fig. 224. — Portion of a section of a Fig. 225. — Portion of a section of a 

uredinium of Puccinia asparagi. {After telium of Pacchiia a.-fpamgi. {Afti'r 

Ralph E. Smith, Cal. Bid. 165 .) Ralph E. Smith, Cal. Bui. 165 .) 


Another stage of rust is frequently overlooked, for it appeans during 
the cutting season on stalks that are allowed to grow’- up, Ligiiter-groen, 
oval patches appear on the main stem or branches, and more rarely upon 
the needles. These soon develop concentric lines of round pustules 
which burst through the surface as yellowish cups and scatter an orange- 
colored dust. This form has largely disappeared by the time the re<i- 
rust stage appears, but the remnants may be found later with red or black 
pustules surrounding the original centers of infection. 

The normal handling of an asparagus field with the removal of the 
marketed crop is a heavy drain upon the crowns and roots, and when cut- 
ting stops the new shoots begin the work of replenishing the depleted food 
reserve, and building for the next season. The development of rust in 
severe form retards or even checks this photosynthetic activity and the 
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plants go into their period of winter rest in a starved condition. As a 
result, the next season the weakened crowns produce shoots which lack 
size and vitality, thus affecting both quantity and quality of the product. 
With each successive attack of rust the crown become weaker, and finally 
the plants are either killed or the field becomes unprofitable. Weakened 
crowns are also invaded by rot-producing organisms which help to com- 
plete the work of destruction. 

The amount of injury from rust is extremely variable, is influenced by 
locality, soil and other factors affecting severity of attack and also 
depends on the resistance of the variety grown. Losses as high as 50 per 
cent have been known to result from a single attack. 

In such typical regions as Concord, Mass., Mattituck, L. I., and Middletown, 
N. J., the loss in quantity experienced after the first severe attack of rust amounted 
to from 15 to 35 per cent of the crop, while in three years of rust the susceptible 
and most commonly grown variety became practically destroyed and the beds 
were abandoned. This variety, the Conover^s Colossal, which formerly w^as 
almost exclusively grown on the Atlantic Coast, is now practically exterminated 
in that region (Smith, 1905). 

Etiology. — Asparagus rust is caused by Puccinia asparagi DC., a true 
rust fungus which produces all of its spore stages on the single host and in 
the normal succession : pycnia, secia, uredinia and telia. 

First infections occur on the stems or branches in the early spring 
during the cutting season, by the penetration of infection threads through 
the stomatal openings. The hyphas ramify in the intercellular spaces of 
the green tissue, push the cells apart and come into intimate contact with 
them by the formation of haustoria. These first spring infections result 
in the oval, light-green, cushion-like areas noted under Symptoms. 
Minute yellow pycnia appear in the groups in the center of the lesions and 
the wcia soon follow in a surrounding ring or in concentric circles. The 
mcia are short-cylindrical or cup-shaped, with a pale peridium, and are 
filled with orange-colored mciospores, 15 to 18 m in diameter, with hyaline, 
granulose wall. The leciospores are rattled out of their cups, are scat- 
tered by the wind and, lodging on new host parts, make new infections, as 
they (*an germinate at once if moisture is available. Thus the aecial stage 
is develo|X3d and the rust spread during the early part of the season to 
wild plants, or to cultivated plants that are not cut for market. 

In May or earlier, the uredinial or red-rust stage begins to appear, and 
from that time on the rust pustules become more and more abundant. At 
first they are few and scattered but they become very numerous and in 
many eases confluent. The dusty, reddish-brown sori yield enormous 
numbers of yellowfish-brown globular or oval iiredmiospores^ 21 to 24^, 
and provided with four germ pores and yellowish markings on the spore 
wall. These are the repeating spores for the parasite and are able to 
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germinate at once and make new infections. The general spread of rust 
is to be charged to the general and widespread dissemination of these 
spores. They do not retain their vitality longer than a few weeks, but 
as they are being constantly produced during the growing season an 
abundant supply of viable spores is always prevalent to reinfect any 
susceptible structure. Their limited span of life makes it impossible for 
them to play any part in carrying the fungus over the winter period. 

Later in the season, or as the affected host parts become exhausted, the 
fungus makes provision for its winter rest by the formation of the black 
rust or telial stage, which may follow the uredinia on any of the affected 
parts. By fall the black pustules are abundant and very prominent. 
Each telium is a cluster of dark-colored, thick-walled, two-celled spores of 
the typical Puccinia form, borne singly on long hyaline stalks to which 
they remain attached. These teliospores are somewhat variable in form, 
ellipsoid to pyriform, frequently constricted at the cross-septum and 
measure 30 to 60 by 21 to*28iU. They are not wind-disseminated but 
remain firmly attached to the old host parts on which they are formed. 
On fallen needles and stems they remain on the ground, where they are 
ready to germinate after their period of winter rest. 

The teliospores will not germinate in the fall, but after they have 
been subjected to winter conditions, proper temperature and moisture 
will induce their germination. In fact, the conditions which make the 
growth of asparagus possible in the spring start the germination of the 
teliospoz’es. Each cell of the spore sends out a promyceliimi \Yhich is 
typical for rust fungi, and each gives rise to four secondary spores or 
sporidia. This germination takes place on the ground and the sporidia 
are detached and carried by the wind or by convection ciiiTents to the 
stems of nearby asparagus plants. Under favorable conditions new 
infections result, and the life cycle starts again. 

By the time cutting is over, the old teliospores have either all germi- 
nated or have lost their vitality, so the infection of the field does not come 
from spores on host fragments mingled with the soil in the field itself 
but from the outside. By this time the life cycle has been carried to the 
production of £ecia and uredinia on wnid plants or those which Iiave not 
been cut (young fields) and the spores are carried from these to crop 
plants, the wind serving as the important means of their dissemination. 

It is of interest to note that the rust pathogene is also parasitized by 
a number of fungi. » Darhica Jilum Cast., an imperfect fungus, produces 
its minute pycnidia in the rust pustules. Its spores are elongated, 
hyaline, two-celled and provided with short hyaline appendages at each 
pole. While it is common, it is not an important factor in lessening the 
ravages of rust. Another less common parasite, Tubercularia pe^'sicina 
Ditt., is also found attacking the rust fungus. Smith has reported 
another parasite, a Cladosporium,. which becomes very abundant in 
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certain California sections and appears to retard the disease in the last 
part of the season. 

Conditions Favoring Rust. — The severity of rust is modified very much 
by the environmental conditions. The moisture relation is of first impor- 
tance, but other factors, such as soil type, amount of cultivation, direc- 
tion and closeness or rows, etc., also play a part. The occurrence of 
heavy dews is essential for the severe development of asparagus rust, 
and is a more important contributing factor than the rainfall. Smith 
(1905) has shown that in the semiarid coast country of California rust 
increases with the dewfall, and that regions which have little or no dew 
are practically free from rust. This has also been found to hold true in 
the Pacific Northwest. Rust is more severe on light, sandy, loam soils 
than on heavier soils, especially during dry seasons. Under irrigation 
heavy applications of water which promote dew formation favor infec- 
tion, but sufficient water to keep the plants in a thrifty growing condition 
must be available, otherwise they will suffer more from the disease. Rust 
does more damage on peat lands than elsewhere, when in equal abundance, 
since the quick-growing, succulent, straight, white stalks appear to be 
lacking the element of stamina or resistance, and are more injured by 
secondary decay. Well-spaced rows (10 feet), running with the wind, 
permit more rapid drying out than rows running across the wind, and 
consequently retard the appearance of rust. Localities sheltered by 
windbreaks or otherwise protected from the sweep of the winds suffer 
more than those localities subjected to drying winds. All observations 
point to that fact that fertilizers have neither a retarding nor an accelerat- 
ing influence upon the parasitic inroads, but well-nourished, vigorous 
plants suffer least, probably because of their greater recuperative power. 
The rust pathogene is thoroughly at home in the field abandoned to weeds 
and suffering for water, while in the well-cultivated field supplied with the 
requisite moisture it finds conditions the least favorable. 

Host Relations.— The common cultivated asparagus (Asparagus 
officinalis L.) and its varieties are the only crops that suffer from the 
attacks of P, asparagij although a number of related wild species may be 
affected. Early in the history of asparagus rust in America it was noted 
that all varieties were not equally susceptible to the disease. After the 
first 4 years of exposure to the epiphytotics of rust. Palmetto strains or 
varieties stood out in the East as rust resistant in comparison with Con- 
over's Colossal, which was exceedingly susceptible. With the advent 
of rust, Conover's Colossal or various related strains predominated in the 
eastern asparagus sections and also in California. This difference in the 
rust susceptibility saved the asparagus industry in the eastern United 
States, and Palmetto gradually replaced the old plantings. Argenteuil 
and other related varieties are reported by Smith as indistinguishable 
from, if not identical with^ Palmetto and equally rust-resistant. The 
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rust problem was not solved, for the canners were opposed to Palmetto 
because of its coarseness and color. Preliniinaiy work on the testing of 
varieties showed variations in susceptibility in individuals of a given 
strain and also revealed the fact that certain European varieties were 
more resistant to rust then any strains growing in the United States at 
the time of the epidemic of 1896. This offered the possibility of obtain- 
ing new and valuable varieties by breeding which would be either immune 
or more resistant than any under cultivation. Under the stiumliis of 
the Massachusetts Asparagus Growers^ Association the cooperative proj- 
ect between the Massachusetts Experiment Station and the U. S. Depart- 
ment of Agriculture on asparagus breeding was started in the spring of 
1906, by the establishment of a field station at Concord, Mass. The first 
complete account of this work by Norton (1913) reported that crosses 
between test males and females ^^have given a veiy superior progeny, 
which has proved satisfactory as a 'commercially^ immune' type. This 
progeny has been named and plans are under way for its production in 
quantity/^ The final result of this work has been the so-called Washing- 
ton pedigreed strains: “Martha Washington" and “Mary Washington," 
the former “the most highly rust-resistant strain of asparagus yet found,” 
the other sufficiently resistant so that it “suffers no appreciable loss under 
severe rust conditions.” Less valuable stock has also been distributed 
under the names: “Washington Stock,” ''Martha Washington Stock” 
and “Mary Washington Stock” (Norton, 1919). 

Control. — Early experience showed that sanitary measures and 
cultural practices were of little value in holding rust in check and that 
the problem could only be solved by either a protective spray or by the 
production of resistant varieties. In the early?^ work emphasis was placed 
on spraying, but the first efforts were not followed by any marked success 
for several reasons: (1) because fungicides were not used that would stick 
to the smooth surfaces of the asparagus stems; (2) because spraying 
machinery suited to the crop was not available. These difficulties were 
somewhat overcome by Sirrine (1900), who used a special spraying 
machine, and a resin-Bordeaux which would “adhere to the plants well 
and was not easily washed off.” While this method was attempted 
by some growers, it never came into general use for the following 
reasons: (l) poor or at the best only fair protection was obtained; (2) 
the frequent applications required made the spraying unduly expensive. 

In California various liquid fungicides were tried in comparison with 
powdered fungicides applied by dusters. Sulphur in liquid or dry form 
gave better results than any other sprays, and preference was given to 
sulphur dust. The recommendation (Smith, 1906) was as follows: (1) 
an application about 3 weeks after cutting stops; (2) a second application 
1 month later; (3) another about a month later, using at each time one- 
half sack of the highest grade of sulphur per acre put on in a dusty, 
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smoky cloud, so as completely to cover the tops. ' To support the control 
by dusting, the elimination of factors favoring the spread of rust was 
recommended, such as the destruction of volunteer or wild plants, clean 
cultivation and' careful irrigation. 

The real solution of the rust problem has, however, been afforded by 
the production of the rust-resistant strains, and as these come into general 
use rust will cease to be a factor in asparagus growing (see Host Relations). 
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STEM RUST Ot GRAIN 

Pucdnia graminis Pers. {Dicceoma poculiforme (Jacq.) Kuntze) 

This widespread rust of cereals affects wheat, oats, barley and rye as 
well as numerous wild grasses and produces the condition known as red 
rust” or '‘black rust.” This misleading term of “black rust” is fre- 
(|iiently used and frequently figures in the market quotations on wheat in 
the dail}^ press. Stem rust is a more appropriate term, as this species of 
rust is more or less closely confined to the stem and leaf sheath, and the 
term will serve to distinguish it from the other cereal rusts, all of which 
also have a black spore stage. 

In addition to stem rust, wheat is also attacked by orange leaf rust and 
yellow stripe rust; oats by leaf or crown rust; barley by dwarf leaf rust 
and yellow stripe rust; and rye by brown leaf rust and yellow stripe rust. 
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A tabular presentation of the distinguishing characters of all the cereal 
rusts will be presented, following the treatment of stem rust. 

History.-— The blasting and mildew” of biblical times was undoubtedly due to 
rust fungi, and Pliny and other early Roman writers were familiar with ^‘mildew ” and 
attributed it and other misfortunes to the gods or the stars. According to Eriksson 
and Henning (1896), the Romans believed rust a curse sent on them because of wicked 
acts, and held a festival — the Robigalia or Rubigaiia — on Apr. 25, to propitiate Robigus 
or Rubigo, a special rust god, and thus protect their fields. As late as 1733 rust was 
not believed to be of fungoid nature, for Tull attributed it to the attacks of small 
insects “brought (some think) by the east wind,” which feed on the wheat and leave 
their excreta as black spots on the straw. Stem rust was recognized as due to a 
fungus and first named Puccinia graminis by Persoon in 1797. 

The stage on the barberry was then supposed to be an entirely distinct fungus and 
was named Mcidium berberidis Pers. Years before the genetic connection between 
these two forms was known, the barberry was supposed to exert an injurious influence 
on wheat. ^‘Various suggestions were made as to the cause of this: some affirmed 
the barberry bush exhaled a noxious effiivium; others that the pollen of its flowers 
poisoned the wheat; others again that it appropriated to itself all the nourishment 
from the soil in its vicinity” (Plowright, 1889). 

As early as 1805 Sir Joseph Banks wrote: “Is it not more than possible that the 
parasitic fungus of the barberry and that of wheat are one and the same species, and 
that the seed is transferred from the barberry to the corn?” So certain was the 
belief in the injurious effect of the barberry that laws were passed for its extermination 
or forbidding its planting. Such a law was enacted in Coimecticut in 1726, and 
Massachusetts passed a barberry law in 1755, because “it has been found by experi- 
ence that the blasting of wheat and other English grain is often occasioned by barberry 
bushes to the great loss and damage of the inhabitants of tliis province (Mass. 
Province Laws, 1754-1755). 

Marshall, working in England, determined hy actual experiments that the barberry 
was able to cause rust in grain (1781-1784). This was done by planting barberry 
bushes in the middle of a field of 'wheat. The honor of being the first to demonstrate 
the connection between the barberry JSddium and the Puccinia on wheat ' 
belongs to Schceler, a Danish schoolmaster. He made many experiments (1807- 
1817), but among others carried rusted barberry leaves enclosed in a box and rubbed 
their under surfaces on rye leaves in the middle of a field when the leaves were wet 
with dew. In 5 days the inoculated plants wei'e badly rusted, while there was no rust 
at any other places in the field. His results were published by the Roj^al Agricultural 
Society of Denmark (1818), but this paper was almost overlooked for many yeara. 

At first urediniai and teiial stages were also supposed to belong to distinct species 
of fungi, the former being described under the name of Uredo fmmenti Sowerby. 
Tulasne (1854) demonstrated the genetic connection between the urediniai and teiial 
stages in stem rust, and also showed that this relation was a general rule among 
Uredinaies. It remained, however, for the classical researches of De Bary to demon- 
strate the hetermcism of stem rust and of various other species (186‘4-1865). He 
reproduced the JScidium on the barberry by inoculating with black rust and then 
carried it back to rye by using the ficciospores. 

Following the botanical corroboration of farm experience as to the relation of the 
barberry to stem rust, laws were passed by Denmark (1869), Prussia (1880) and 
France (1888) which made possible the extermination of the barberry or restricted its 
planting, but in 1003 Denmark passed a more drastic law which stated that “ Barberry 
bushes may only be grown in such botanical gardens as serve as part of an educational 
establishment ” (Lind, 1915). TM history of the barberry in its relation to stem rust 
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in the United States falls into three periods: (1) an early colonial period, in which 
special laws were enacted requiring or making possible the extermination of barberry 
bushes (1760); (2) a period of indefinite beginning, in which these old laws were 
allowed to go without enforcement and no new eradication measures were adopted, 
presumably because of a growing belief that the barberry was only a minor factor in 
the production of rust epiphytotics (period ended with the adoption of the Barberry 
Eradication Campaign by the Federal Department as a special war measure); (3) from 
1917 to the present, during which all 13 states in the eradication area (Ohio, Indiana, 
Illinois, Michigan, Wisconsin, Minnesota, Iowa, Nebraska, North Dakota, South 
Dakota, Colorado, Wyoming and Montana) have passed laws requiring barberry 
eradication, and are protected against the shipment of harmful barberries from outside 
territory into their confines by a special Federal quarantine, dated May 1, 1919. 
In cooperation with the states mentioned, the Office of Cereal Disease Investigations of 
the U. S. Department of Agriculture has been conducting a vigorous and systematic 
campaign within this eradication area for the extermination of all barberries harboring 
the stem rust. Antibarberry legislation was also passed in Alberta, Manitoba and 
Saskatechawan, the barberry being placed on the noxious-weed list. 

Two other lines of study of stem rust have been prominent in recent years: (1) 
the recognition of specialized strains or races — ^biological or physiological species — 
begun with the work of Eriksson on formce speciales (1894); and (2) testing and selec- 
tion for rust resistance followed by breeding to obtain rust resistance. These special- 
ized strains were called Sch wester- Arten” (Schroeter), biologiche Arten (Rostrup, 
1894) and physiological races (Hitchcock and Carlton, 1894). Eriksson in 1894 
recognized five "‘formas speciales” in Sweden. Carleton in 1899 distinguished three 
physiological races on wheat, oats, barley and rye: (1) iritid on wheat and barley; 
(2) secalis on rye; and (3) avenoi on oats. Freeman and Johnson added a fourth 
biologic species (1911), which has since been held invalid, while Stakman and Levine 
(1922) have been able to separate a single one of these Puccinia graminis iritid into 
37 biological forms by means of their action on 12 “differential hosts,” P, graminis 
averm of oats into five biologic forms (1923) and P. graminis secalis into several. 

Many observations have been made since the difference in the resistance of wheat 
varieties was first made in 1841, but it is only in recent years that systematic testing 
of varieties for comparative resistance has been carried out, and selection and breeding 
experiment.s for rust resistance have been in progress in North Dakota (Bolley, 1909), 
in England (Biffen, 1907) and, since 1907, by the U. S. Department of Agriculture in 
cooperation with the Minnesota, Kansas and other Experiment Stations. 

Geographic Distribution. — The stem rust of wheat is present in greater or less 
amount in practically every country in which wheat is grown. The records show that 
epiphytotics have been prevalent in England, Denmark, France, Germany and other 
European countries when, barberries were commonly cultivated, but that they have 
ceased entirfdy or become infrequent in those countries since the systematic eradication 
of barberries has been practiced. In Australia and South Africa the stem rust has 
been prevalent and serious even though the jecial stage on the barberry in unknown 
or rare in that country. In the United States, “the stem rust of wheat is of great 
importance in the hard-winter- and hard-spring-wheat belts of the Great Plains area 
and in the states bordering the Ohio River. In Maryland, Virginia and other eastern 
state's it has been almost entirely absent for many years, but is by no means unknown. 
In the interior mountain valleys, between the Rocky Mountains and the Sierra 
Nevada IMountains, and in the non-irrigated area of the Great Plains, it is only 
occasionally foumi and is seldom serious. In the interior valleys of California it is 
occasionally (ipidemic, though usually of slight importance. On the coast of Cali- 
fornia it is always present and almost always virulent. In the southern states only 
a small quantity of wheat is grown, and here the rust is often severe. In the southern 
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half of Texas it makes wheat growing a hazardous undertaking^ and even in northern 
Texas it is a factor of great importance. The greatest rust epidemic of the last 
decade, which was due to the stem rust of wheat, occurred in 1904 and extended 
over the entire Mississippi Valley and up into the wheat fields of the Canadian North- 
west, being particularly severe in the spring-wheat belt. It invaded the dry lands 
west of the Rocky Mountains and was severe in the interior valle 3 rs of California’' 
(Freeman and Johnson, 1911). In certain sections the aeciai stage on the barberry 
is either rare or does not occur at all, as in Australia, central India, South Africa, the 
southern United States and the Inland Empire of the Pacific Northwest. In some of 
these localities stem nist often is severe, while in others — ^the Inland Empire of the 
Pacific Northwest, for example — ^the disease is only rarely of an}^ economic importance. 

Symptoms aad Effects on Grains. — The onset of the disease in a 
typical case on a susceptible host is characterized b}" the appearance of 
elongated brown or reddish-brown, granular pustules which may burst 

through the epidermis of any portion 
of the plant, but are most abundant 
on the stem and leaf sheath, but not 
uncommon on the leaf blades and 
glumes. This localization of these 
pustules or sori on the stem has 
suggested the common name '^stem 
rust,^^ now generally in use. These 
pustules of the ^^red rust^^ or summer 
stage may appear without' any' sur-: 
rounding chlorotic or dead cells, or in 
certain, cases individual sori or groups 
of sori 'nia-y be seated first in a chlorotic, 
area which soon ' becomes d.ead, the ' 
■surrounding' tissue; exhibiting, a 'Condi-' 
■tion of 'hypersensi'tiveness to the' pres-; 
ence of the rust. In many of these 
hypersensitive areas the sori remain small and poorly developed and 
frequently do not exhibit the characteristic elongated form. In the 
extreme cases of resistance, a rust infection may be marked by minute 
yellowish or brownish flecks which never develop the typical red-rust 
stage, and their nature as rust infections can only be detected by micro- 
scopic examinations. 

As the season advances, the reddish pustules are gradually replaced 
by black pustules or sori, which occupy the same position or burnt through 
the epidermis adjacent to red-rust pustules. This is the winter or '' black- 
rust'^ stage. 

Rust sori may be few in number or they may be veiy numerous and, 
when numerous, adjacent sori may coalesce to form more or less elongated 
brown or black powdery streaks.''- The^ ^^red " spore powder is very easily 
detached, and the garments of anyone walking through severely rusted 
grain fields may be covered with the reddish-brown dust. 
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Fig. 226.^ — Diagrams showing form, size 
and arrangement of the uredinia of the 
three rusts of wheat. A, Puccifiia 
Qraminis; B, P. glumarum; 0, P. iriiiciim. 
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111 harvesting badly rusted grain, the spores flying thickly in the air some-- 
tinies cause considerable irritation in the nostrils and throats of the men who are 
at work. This is, however, merely a mechanical irritation, occurring only when 
there is a great abundance of the rust (Carleton, 1905). 

The damage done by rust may be negligible in case of light or late 
attacks or almost a complete failure may result. The injury is due primar- 
ily to two disturbances in the nutrition of the host: (1) to the appropriation 
of food by the rust pathogene directly from the host cells in which it 
is living; and (2) to the increased loss of water, due to the rupture of 
the epidermis by the rust sori. The photosynthetic power of the host is 
impaired and the shortage of moisture results in poorly filled heads and 
shriveled grains. Rust infections in connection with other fungi have 
been shown to cause considerable sterility (Johnson, 1912). This means, 
then, a reduction in both the quantity and the quality of the threshed 
grain. Where drought and hot weather coincide with a severe rust 
attack the rusted grain suffers from drought much more severely than 
normal grain, and burning, with its injurious effects, is the result. Accord- 
ing to Weiss (1924): “Accompanying the reduction in yield, there is 
practically as great use of water as in healthy plants, that is, rusted plants 
have a higher water requirement, based on yield of both tops and grain.'’ 
Weiss places more importance on the drain on elaborated food reserves 
as a cause of reduction in yield than on increased transpiration due to 
rupture of the epidermis by the rust sori. 

Symptoms and Effects on the Barberry. — -The barberry stage of 
stem rust first shows as a small, circular, yellowish spot upon the upper 
surface of the leaf, which increases in size to 2 to 5 millimeters or slightly 
more. The affected leaf tissue is hypertrophied, becomes margined with 
a brighter color or reddish purple and shows a central cluster of minute 
honey-colored pustules on the upper surface (later turning black) and a 
group of minute cups with ragged or saw-toothed edges, the ceda or 
duster cups^ on the under surface. Similar cluster-cup lesions may 
appear on the fruits and fruit pedicels, and cause more or less hypertrophy 
of tliese structures. This stage generally makes its appearance in June 
or July, the exact time varying in different regions. The number of 
lesions per leaf may be only one or two, or they may be much more numer- 
ous. They are rarely sufficiently abundant to cause serious injury to the 
I>arberry, consequently the concern which this phase of the disease causes 
is due to the passage of the rust from the barberry to one of its grass or 
cereal hosts. 

Economic Importance. — While rust has taken a regular annual toll 
in much of the wheat-producing country of the world, its greatest injury 
results in yearn of widespread epiphytotics. During the epiphytotic of 
1904, much of the grain produced in the northern sections of the Missis- 
sippi Valley was so badly shriveled that it was entirely rejected by , grain 
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buyers, the yield dropping to as low as 4 bushels per acre (Carletoii, 
1905). In this epiphytotic the reduction in ^deld for Minnesota, North 
Dakota and South Dakota, the important portion of the spring- wheat 
belt, was estimated in excess of 23,000,000 bushels, valued at nearly 
$16,000,000. 

Estimated losses from stem rust of wheat in the 13 barberry-eradica- 
tion states (Colorado, Indiana, Illinois, Iowa, Michigan, Minnesota, 
Montana, Nebraska, North Dakota, Ohio, South Dakota, Wisconsin and 
Wyoming) for the 10-year period from 1915 to 1924 as presented in the 
accompanying table will serve to emphasize the magnitude of the rust 
problem during recent years. 


Year 

Estimated stem~r 

list losses to wheat 

Bushels 

Yaliie 

1915 

14,000.000 

$ 12,175,000 

1916 

184,208,000 

283,697,000 

1917 

9,906,000 

19,838,000 

1918 

665,000 

1,341,000 

1919 

41,766,000 

96,446,620 

1920 

51,973,000 

67,850,020 

1921 

19,156,000 

17,289,340 

1922 

1 18,868,000 

17,578,210 

1923 

^ 33,052,000 

28,354,240 

1924 

5,856,000 

'7,484,720 

Total 

379,450,000 

S552, 164,300 


The year 1916 was the outstanding rust 3 'ear of the period covered, 
with a loss in the United States of over 180,000,000 bushels, while in 
Canada the loss for the same year amounted to about 100,000,000 bushels 
(from data compiled by Dr. E. C, Stakman). 

Etiology.— The stem rust of cereals and various wild and cultivated 
grasses is caused by the heteroecious rust, Puccinia graminis Pers., or, 
according to Arthur's recent nomenclature, Dicmoma pocuhjorme (Jacq.) 
Kuiitze, which produces its pycnial and wcial stages on the common bar- 
berry, Berheris vulgaris, and to a minor extent on some other species, and 
its uredinial and telial stages on wheat, oats, rye, barely or other species 
of the grass famiU?-. Within the morphological species P. graminis the 
following biological species are recognized: 

1. P. graminis tritiai Eriks. & Henn. on wheat (Triticum species) 
and barley, rarely on rye; also on many wild grasses, Hordeum, Agro- 
pyron, Bromus and Elymus species. Thirty-seven biological forms of 
tiUd have been recognized by Stakman and Levine (1922) on wheat 
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(Triticum vulgar e, T. durum, T. compactum), emmet (T. dicoccum) and 
einkorn (T. monococcum). 

2. P. graminis avence Eriks. & Henn. on oats; also on a number of 
wild grasses. Five biological forms of avence have been recognized by 
Stakman et al by the use of three differential hosts (1923). This strain 
can infect barley and rye in artificial cultures, but only so rarely and 
weakly that it is probably of no importance on these hosts in nature. 

3. P. grammis secalis Eriks. & Henn., on rye and barley and many 
wild grasses (also consists of biologic forms). 

4. P. grammis phleipraiensis (Eriks. & Henn.) S. & P. on timothy 
and a weak parasite on oats, rye and barley; also common on Festuca 
spp. in nature. 

5. P. graminis agrostis Eriks, on Agrostis ca^iina and A, stolonifera. 

6. P. graminis pocB on blue grasses, Poa compressa and P. pratensis, 

7. P. graminis airce on Aira ccespitosa and A. hottnica. 

According to Stakman there is no evidence thatP. graminis hordeiY. 

& J. on barley, wheat and rye, as described by Freeman and Johnson 
(1911), is a valid biologic species. 

Working with forms 1, 3 and 4 Stakman et al, (1908) concluded that 
''rust forms do not gradually adapt themselves to resistant or semi- 
congenial hosts, and therefore disagree with previous workers that the 
pathogenicity of biologic forms is easily changed by host influence. This 
relative permanence of the biologic forms gives assurance to the success 
of breeding for resistance. 

In the typical life cycle of stem rust the seciospores from the barberry, 
if carried by the wind to some susceptible cereal-grass host, germinate 
and reproduce an infection, uredinia soon appearing with the produc- 
tion of numerous urediniospores. These spores are scattered by the wind 
or other agents and spread the trouble, on the same host or on other 
susceptible hosts, and are thus repeating spores, being responsible for 
the extensive spread of the fungus during the growing season. The 
telia produced later in the season form teliospores, which remain dormant 
during the winter and in the spring germinate and produce typical 
prom^^ceiia and sporidia. The sporidia carry the pathogene back to the 
barberry, on which pycnia and cecia are formed. 

The mycelium of the rust develops in the intercellular spaces and 
sends Ksmall rounded or branched haustoria or absorbing structures into 
the adjacent cells, and thus obtains its food directly from living proto- 
plasm. The mycelium from a single infection has a limited range, 
but soon becomes massed beneath the epidermis and organizes a sorus. 
From this hyphal aggregate, short, erect branches arise which give rise 
to the urediniospores. With the further development, the covering 
epidermis is pushed up and is finally ruptured, exposing the uredinio- 
spores, w’'hich are soon set free. Typical mature uredinia are linear, 
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2 to 10 millimeters or more long, pulverulent, yellowish brown and sur- 
rounded by the cleft epidermis. The urediniospores are ovate, oblong 
to ellipsoid, echinulate, 14 to 22 by 17 to 45 m and generally have four 
equatorial germ pores. 

Under favorable conditions the urediniospores lodged on a susceptible 
host will have germinated in 24 hours, each sending out two germ tubes. 


one of which usually makes a more vigorous growth than the othei'. 
These germ tubes grow over the surface of the epidermis, and when a 
stoma is reached the tip swells up into an elongated vesicle, the apprea- 
mrium, which lies over the slit-like mouth of the stoma. The contents 
of the germ tube becomes massed in the appressorium, which soon forms 
a fine branch that penetrates the stomatal opening and swells up in the 
mbstomatal chamber to form a “substomatal vesicle.” The contents of 


Fig, 227. — Spore fruits and spores of Pticeinm oraminis. I, eross-seetion of a bariK*rry 
leaf showing aicia (a), pycnia («p), perix^a of the a?cia ip), upper epidermivS (o), lower epi- 
dermis (u), normal thickness of leaf (x> and thickness of h^Tertrophnni portion (//); A, 
a young a^cium; II, section of a telium, showing teliospores (0. epidermis of host (c) and 
subepidermal scierenehj'ma fibers (/>); III, portion of a uredinium wath urediniospores 
(ur) and one teliospore (^), (J;. and I after Sachs; II and III after De Bary,) 
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the appressorium and external hypha passes into the substomatal vesicle 
and this gives rise to one or more infection hyphag which grow toward 
adjacent cells^ and establish connection by haustoria. Infection is now 
completed and the mycelium spreads rapidly from cell to cell, but large 
leaf areas are not involved, the large numbers of sori representing numer- 
ous infections. Under optimum conditions for growth, uredinia with 
mature spores may be developed in 6 or 7 days. 

The whole appearance of both fungus and host during the first few days 
after infection indicates a fairly perfect relation between the two. The fungus 
flourishes vigorously, while for a considerable length of time the host cells, 
even in the infected area, are apparently quite healthy. In no case does there 
appear to be an extensive killing of host tissue (Stakmaii, 1914). 

The same mjmelium which produced uredinia, may give rise to telia 
later in the season, the sori gradually changing to black as the uredinio- 
spores disappear and the teliospores take their place. The teliospores 
are chestnut brown, oblong-clavate, rounded or attenuate at the free end, 
which is much thickened (6 to 13/^), two-celled, slightly constricted at the 
cross-septum and firmly attached to the brownish persistent pedicel (up 
to 60^ long). They measure 35 to 65 by 11 to 22/^, and each cell is pro- 
vided with a single germ pore, one at the apex of the terminal cell, the 
other Just below the cross-partition. The teliospores are not capable of 
germinating at once, but are resting spores, designed to carry the patho- 
gene o%^er to the following season. 

In the spring, under favorable conditions, each cell of a teliospore can 
give rise to a typical promycelium, from which four spmWa are detached 
to be blown aw^ay by the wind. These sporidia cannot reinfect a cereal 
or grass host, and come to naught unless they fall on the surface of a 
barberry leal. Here the germ tube enters the upper surface of the leaf, 
passing directly through the epidermis, an'd not through stomata. The 
resulting infections are of the type described under Symptoms, the pycnia 
appearing on the upper surface, while the secia of the characteristic sec- 
dium type follow upon the lower surface. The separated seciospores are 
nearly globular, yellowish orange, with slightly roughened walls which 
appear almost smooth and vary in diameter from 14 to 26ju. These 
spores cannot reinfect the barberry, but their function is to carry the 
fungus back to its grass or cereal host. They can germinate at once, 
enter the stomata and establish a parasitic mycelium which will soon 
give rise to a crop of urediniospores. 

It has been shown by Eriksson and Henning (1896) and Stakman 
and Levine (1919) that the urediniospores of the various biologic forms of 
the stem-rust pathogene differ considerably in size, and the latter have 
shown that the urediniospores become smaller when infection takes place 
under very unfavorable environmental conditions or when formed on a 
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fairly resistant host. Levine (1923) has recently determined the limits 
of variation and the biometric constants for length and width of the 
scciospores, urediniospores and teliospores of a number of biologic forms/^ 
and concludes that “spore measurements can be employed as an addi- 
tional aid in identifying the biologic forms of P. graminis, provided a 
sufficiently large number of spores are measured for both length and 



Fig. 22S. — Puccinia graminis. A, germinatinR teliospore (0, with promyceliiim and 
sporidia (sj?) ; B, a typical proniycelmm. (After Tulasne.) C, a piece of epidermis from 
the under surface of a barberry leaf with germinating sporidium (js-p) and infection thread 
(i) ; D, a germinating urediniospore. (After De Barg.) 

width, and the spores studied are developed on congenial hosts under 
favorable conditions.'^ He showed that, 

In general, the wheat rust (P. graminis iritid) hag larger spores of each type 
than any other biologic form. The oat rust (P. graminis ammm) occupies tlie 
second place; the rye rust (P. graminis secalis) third; and the tiinotliy rust 
(P. graminis phleipratetms) the fourth. The redtop rust (P. graminis ag^^ostis) 
has the smallest spores of alL 
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In some lieteroscious rusts the alternate host is absolutely essential for 
the perpetuation of the pathogene, as is illustrated by the cedar rust of 
such a case the elimination of one of the hosts interrupts the 
life cycle and hence the fungus cannot develop.. In stem rust, however, 
the pathogene is not so completely dependent on the presence of the 
alternate host, the barberry. The aecial stage on the barberry cannot be 
formed unless susceptible grasses or cereals , are near at hand, but the 
pathogene can survive under certain conditions on the cereal host when 
barberries are absent or when the secial stage is omitted. When barberries 
are present and the secial stage appears on them, they are important 
agents in increasing the severity of stem rust, and are believed to be the 
most important cause of epiphytotics of stem rust. When the barberry 
stage is not formed there are several possible explanations for the presence 
of rust in an environment: (1) from urediniospores which have over- 
wintered on volunteer cereals or wild grasses; (2) from wind transport of 
urediniospores from southern regions to more northern localities; and (3) 
b.y persistence on or in the seed. 

It w^as at one time reported that urediniospores were able to live over 
the winter as far north as Madison, Wis. and St. Paul, Minn. Freeman 
and Johnson (1911) obtained as high as 40 per cent germination of over- 
wintered urediniospores on Apr. 15. According to these workers, from 
Kansas and Ohio southward not only do a high per cent of the spores 
remain viable, but fresh spores can be found at any time during the 
winter. The opinion has been expressed that 

Where snow remains throughout the winter, preventing alternate freezing 
and thawing of material thus covered, the wintering of the urediniospore is, 
perhaps, facilitated. Indeed, it is very probable that the urediniospore survives 
the winter more easily in the North where snow is continuous during the winter 
than ill localities where snow covers the ground only at intermittent periods 
(Freeman and Johnson, 1911). 

According to Stakman, the importance of overwintering urediniospores 
as a source of the first spring infections has been overemphasized. He 
states that: 

In hundreds of experiments,^ however, we have never been able to demonstrate 
that the urediniospores overwintered in the upper half of the Mississippi Valley. 
If they do, they do so so rarely as to be of no practical importance. The old 
results were undoubtedly correct as far as they w^ent, but most of them did not 
go far enough. They found that the spores retained their viability until early 
spring, but that is just when they lose it. Spores frequently are viable until 
some time in March and even until early in April, but then they die quickly 
or germinate in the first rains of the spring when there is nothing for them to 
infect and are then, of course, harmless. I am confident from the experiments 

^ From letter from E. C. Stakman, June, 1925. 
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which we have made for the past 7 or 8 years that overwintering of the uredinial 
stage is not a factor in the development of epidemics in the upper half of the 
■ Mississippi Valley. 

It has recently been emphasized that stem rust lives over on volunteer 
wheat in Australia, a country in which the barberry stage is either 
unknown or rare (Waterhouse, 1920). 

As bearing on the possibilities of wind transport it may be noted that 
the urediniospores are resistant to desiccation and to exposure to light. 
Bolley obtained a germination of 8 to 15 per cent after their exposure on 
a watch glass for 21 days. The spores of some species have been shown to 
retain their viability after lying in herbarium specimens for nearl}^ a year. 
The length of life of the urediniospores varies according to the tempera- 
tures and the relative humidity of the air. It has been shown (Peltier, 
1922) that high temperatures lower the per cent of germination and 
shorten the viable period, while at lo^v temperatures the opposite is the 
rule. At high relative humidities, depending on the temperature, the per 
cent of germination is low and the period of viability short. 

Their resistance shows that they could be carried long distances and 
still be capable of causing infections. Klebahn (1904) and Stakrnan 
(Freeman and Johnson, 1911) have shown the prevalence of iiredinio- 
spores in the air in rust regions by means of spore traps and by means of 
spore traps on aeroplanes the latter (1923) ha-vS shown the prevalence of 
the spores of rusts and other fungi in the upper air. There can be no 
doubt that the interchange of spores between localities is an important 
means of spreading the rust. 

The telia of P, grammis have been found in the pericarp of wheat and 
oat kernels. This location of the rust pathogene wxis noted in this 
country by Pritchard (1911) and the possibility^ of suchjnfeeted seed 
carrying the fungus to the new crop has been recently investigated by 
Hungerford (1920). From large numbers of samples coileeted from the 
rust epiphytotic of 1916, the largest per cent of infected seed was only 
about 1 per cent of the total. Under carefully controlled conditions no 
rust appeared on plants grown from seed covered with viaUIe uredinio- 
spores or bearing sori in the pericarp. At present the opinion prevails 
that stem rust is not transmitted from one wheat crop to the next by 
means of either contaminated or infected seed, bearing spores or dormant 
mycelium. 

Brief reference may be made at this point to the Mycaplami Theory 
of Eriksson (1897 and later). This theory recognized, ^M:>esides the well- 
known vegetative mycelium, another vegetative stage, when the fungus 
exists in the cells of the host plant as a formless plasma body, a sort of 
plasmodium, symbioticallj, fused with the protoplasm of the cells, and 
forming together with these' a This mycoplasm may be in 

the seed or other parts and under favorable conditions ^Hhe fungus forces 
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its way out of the symbiotic complex, penetrates the walls of the cells 
and develops an intercellular mycelium/' This theory has been entirely 
discredited by the work of Ward (1903) and others but stands as an illus- 
tration of how a preconceived notion and a misinterpretation of observa- 
tions led to the wearisome persistence in an inherently improbable 
hypothesis." 

Predisposing Factors. — It is a matter of record that various portions 
of the world have been visited at various times with epiphytotics of stem 
rust of unusual severity; also that rust normally occurs in severe form 
every year in some sections, while in others it is normally present only in 
traces. These valuations in severity must depend largel}^ on climatic 
factors, with the barberry playing an important r61e in some regions. In 
order that an epiphytotic may occur, the following conditions must be 
fulfilled: (1) a supply of rust spores on the growing grain to give the 
disease a start; (2) temperature and moisture conditions favorable for 
germination and infection; and (3) a susceptible condition of the grain at 
the time spores are being generally disseminated. The first condition 
may be supplied by asciospores from barberries, wind-blown uredinio- 
spores or overwintering urediniospores, one or several of these sources 
generally existing. Infection is favored by moderately cool temperatures, 
abundance of dew, and humid, cloudy or misty days, while sudden show- 
ers followed by rapid clearing and evaporation of moisture are unfavorable. 
It has been claimed that the most susceptible period in the life of the 
wheat plant is from the time when the head emerges from the boot to the 
time it is in full bloom, thus giving a critical period. oi about 10 days for 
any one locality. According to Stakman, this is an apparent suscepti- 
bility only, the more numerous infections at this time being due rather to 
a greater abundance of inoculum. 

In explaining the epiphytotic of 1904, it may be noted that the excess 
of precipitation over normal was greater in 1905 than in 1903 or 1904, so 
that, based on rainfall alone, 1905 should have had the most rust. In 
1904, the temperatures were subnormal during the critical periodj with a 
general average of 2.67'^ below normal for Nebraska, Iowa, Minnesota, 
Wisconsin, South Dakota and North Dakota. These low temperatures, 
aside horn favoring infection, retarded the growth of the crop, prolonged 
and delayed the period of susceptibility and gave time for the develop- 
ment of increased numbers of urediniospores. 

Eust is increased in severity by heavy applications of nitrogenous 
fertilizers (Stakman and Aamodt, 1924), not by increasing susceptibility 
but by the increased density of stand and delayed maturity. Any factors 
wMch increase density of growth, such as heavy seeding or an under- 
growth of weeds which hold moisture and exclude the sunlight, increase 
the severity of rust. Spring wheat generally suffers more from rust than 
winter wheat, and late-seeded spring wheat more than early-seeded. 
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The slow-maturing cereal will be the most injured by rust, the rapid- 
growing the least, primarily because the rapid-growing variety reaches the 
critical period (or maturing) before rust has had time to reach its maxi- 
mum of prevalence. It is stated that the epipli 3 ^totic of 1916 offered 
many illustrations of the value of early seeding or the importance of early- 
maturing varieties in escaping rust. For example, in Canada, Prelude 
wheat, ripening 10 to 15 days before Marquis, almost entirely escaped rust 
injury (Bracken, 1917). It is well known that 60-day oats with other 
quick-maturing varieties escape rust when other varieties with a longer 
period of growth suffer severely. 

Varietal Resistance. — It has long been known that varieties of wheat 
show marked differences in their susceptibility to rust, and it has also been 
observed that a variety apparently resistant in one locality may be sever dp 
rusted in another locality , or that a variety may rust one season but not in 
another in the same locality. This behavior can now be explained by the 
existence of biological strains in one locality that are absent from another. 
For example, Rerrarf, a variety very resistant in Australia, breaks down 
completely in North Dakota. The studies of Ward (1905) and others 
have led to the conclusion that resistance is not dependent upon anatomi- 
cal peculiarities, but is physiological, that is, depends on physicochemical 
properties of the living substance, protoplasm. In addition to funda- 
mental protoplasmic resistance, wheat varieties may possess other means 
of defense, such as structural peculiarities which diminish the number of 
infections or restrict the growth of the mycelium after it has become 
established. Hiirsh (1924) points out that the relative amounts of chlo- 
renchyma and sclerenchynia in the cortex affects rust development, since 
sclerenchyma constitutes a mechanical restriction on the growth of the 
mycelium. Rust spores germinate on susceptible and resistant varieties 
in the same wury and enter the stomata, l)ut in resistant varieties the later 
development is modified according to the degree of resistance. In cases of 
high resistance or immunity there is a killing of the host cells adjacent to 
the substomatal vesicle, the fungus is unable to establish haiistoriai 
connections and soon perishes. In lesser degrees of resistance tlie killing 
of host cells may be delayed and a weak development of mycelium may 
give rise to small uredinia and imdersijsed urodiniospores (ritakman, 1914; 
Allen, 1923). The result is either sterile “ flecks or uredinia surrounded 
by hypersensitive areas of dead cells, although in three resistant varieties 
studied by Melchers and Parker (1922) ^rilecks are very rarely visible, 
and in no instance have even the most minute uredinia been observed.'* 

In their study of the 37 biological forms of P, grarninis on wheat, 
Stakman and Levine (1922) recognized the following groups: (1) immune— 
no uredinia, flecks usually present, but sometimes not evident; (2) very 
resistant— umdinm minute and isolated, surrounded by distinct hyper- 
sensitive areas; (3) moderately resistant — small to medium-sized uredinia, 
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with necrotic circle or halos, or sometimes in slightly chlorotic islands; (4) 
moderately susceptible uredinia medium, coalescence frequent, no 
hypersensitive circles, but sometimes chlorotic areas ; (5) very susceptible— 
uredinia large, numerous and confluent, entire absence of true hypersensi- 
tiveness, but with chlorosis under unfavorable conditions ; (6) heteroge^ieous 
—uredinia very variable, all types and degrees on the same blade. Of 
the 12 differential hosts used, none were immune to the entire 37 biological 
forms, but Kanred was immune to 11. Mindum, Arnautka and Speltz 
Marz: were very resistant or moderately resistant to a considerable num- 
ber of strains, while Vernal Emmer and Khapli Emmer were very resistant 
to the majority of the biological forms. ■ S 

In testing about 130 varieties of winter and spring wheat, Melchers [ 

and Parker (1922) found that all varieties of winter wheat were suscep- ! 

tible except Kanred, P1066 and P1068. Black Persian was the only j 

spring wheat of the Triticum vulgare group found to be resistant. Kanred 
has the following additional desirable characters as tested in Kansas : (1) 
a yield of 3 to 5 bushels more than either Turkey or Kharkof ; (2) it ripens | 

earlier, escaping damage from drought and hot winds; (3) it seems | 

to be more winter hardy then other varieties; (4) it is more resistant to 
smut than many other varieties. It is being rapidly established in 
many hard-winter-wheat areas and also has a potential value as a parent 
in breeding new varieties for rust resistance. Varieties of oats also show 
variable resistance to stem rust. Parker (1918) reports tests of more 
than 120 strains. ^^Unquestionable resistance to stem rust was present 
in two varieties, White Taii}arian and Raukura Rustproof.^^ 

Prevention or Control. — In considering the prevention of stem rust 
it may be noted, first, that the disease is not seed-borne, hence seed disin- 
fection is of no value. The type of the crop would make protection by 
spraying impractical, even if effective, but numerous tests made by 
Galloway and others have shown but little benefit from spraying.^ 

In areas in which rust injury may be expected, atteution should be 
given to the selection of early-maturing varieties, seeding early rather 
than late, planting winter wheat wherever it is hardy, the avoidance of 
low, poorly drained sites or the excessive applications of nitrogenous 
fertilizers (see Predisposing Factors). 

Main reliance at the present is being placed on one or both of the two 
following measures: (1) the eradication of barberries, whether growing as 
hedges or ornamentals or run wild; (2) the selection and breeding of 
resistant or immune varieties. The value of barberry eradication in the 
prevention of epiphytotics of rust is well illustrated by the experience 
in Denmark and in England (Stakman, 1923). England has eradicated 

^ More promising results have recently been obtained by dusting. Kightlingek, 

C. B. : Preliminary studies on the control of cereal rusts by dusting. Phytopath, 16 : 

611-615, 1925. 
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the barberries without the aid of law, and black rust is almost a thing of 
the past, but in adjacent Wales, where barberries are still abundant, rust 
losses are serious each year. In Denmark, when barberries were still 
numerous, there were severe outbreaks of rust in 1893, 1895, 1896, 1897, 
1900 and 1901, but in 1904 an effective barberry law was put into opera- 
tion, with the result that no general outbreaks of stem rust have since 
occurred. In regions in which the cluster-cup stage of rust develops on 
the barberry the elimination of this alternate host is the first step in stem- 
rust control. The barberry should not, however, be branded as a general 
menace, since in many environments it pla 3 ^s no part in the life of the rust 
pathogene. The barberry eradication campaign is complicated by the 
fact that this shrub has run wild in many sections of the eradication area, 
and by its ability to sprout up again from the roots when cut off or dug 
out. Chemical treatments (Thompson, 1923) are being recommended: 
(1)10 pounds of common salt piled over the crown of a bush; or (2) 2 
gallons of sodium arsenite solution (1 gallon of concentrated sodium 
arsenite to 40 to 50 gallons of water) poured on the crown. In 1923 over 
5,000,000 bushes had been removed in the eradication area from Ohio to 
Montana since the beginning of the campaign. 

The Japanese or Dwarf barbeny (Berber is thiinbergii) does not rust, 
and is safe for ornamental planting. It can be distinguished from the 
dangerous common barberry (B, vulgajLs) by the following comparison: 


B. vulgaris 

Berries: In bunches like currants. 
Leaves: Margin spiny toothed. 
Spines: Usually in groups of three. 


B, thunhergii 

Single or in twos like gooseberries. 
Margin smooth. 

Usually single. 


Mahonia or Oregon grape, closely related to the barberry, is repre- 
sented by two species. The tall Mahonia (3/. aquiJoUum), wild in the 
Pacific Northwest and cultivated elsewhere, may rust slightly, and hence 
is not recommended for planting in rust zones. The tecial stage of stem 
rust has never been found on this species in the Pacific Northwest i)ut 
it is sometimes attacked by another species, Pucdniafendleri. The low 
trailing form (ilf. repens)^ which occurs in the western portion of the 
eradication area and further west, never develops the mcia of stem rust, 
but it is commonly affected by P. mirahilissima, a species of no economic 
importance. 

Some progress has been made in the selection and breeding of resistant 
or immune strains, but this work is complicated by the large number of 
biological forms of stem rust and their variable occurrence in different 
environments. Crosses have been obtained by Hayes ei al, (1920) of 
common, durum and emmer -types more resistant than the resistant 
durum parents and later ■ work 'by"’ Aamodt (1923) has shown that 
varieties of common wheat may be produced synthetically which will be 
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resistant to a large number of the biologic forms of stem rust.” The 
breeding of rust-resistant varieties has opened an almost endless field. 
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Fig. 229. Leaves of wheat showing uredinia of Puccinia tritichui and the hypersensitive 

areas caused by this rust. 


APPLE RUST . 

Gynmosporangium jiiniperi^-virgimapre Sehw, 

The common rust of apples east of the Rocky Mountains, which is 
frequently spoken of as cedar rust or the cedar-rust disease of apples, 
has become so widespread in that section as to give nearly as tniieii con- 
cern as apple scab or fire blight. In the most favorable localities it has 
developed to such an extent as seriously to threaten the productiveness of 
apple orchards. The fungus which causes the disease passes a part of its 
life cycle upon the leaves, fruit and twigs of the apple, producing the 
chai'acteristic rust spoiSj while upon the common cedar (J unipertis rt'r- 
gznicma) it causes the formation of the well-known cedar apples^’ or 
cedar galls, thought by some people to develop the cedar flowers.” 

History,— Although the orgamsm responsible for this disease was first described by 
hchweinitz in 1822 and was' studied in subsequent years by mycologists, it was not until 
man.y years later that the trouble'beeame sufficiently serious to for protective 
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measures. Control measures were considered by pathologists in a number of the 
eastern states about the same time. In 1889 Galloway of the U. S. Department 
of Agriculture reported on spraying experiments conducted at Vineland, N. J., in 
1888, while Halsted in the same year considered the possibility of some varieties of 
cultivated apples being more susceptible than others. Jones, working in Vermont, 
in 1889 sprayed apple trees, for cedar rust, with ammoniacal copper carbonate and 
reported the results 2 years later. These first experiments showed little benefit from 
sprajring, but work which he did a year later gave fairly good results. He concluded, 
however, that spraying was not a very practical method of control. In 1892 Pammel 
reported spraying the wild crab for cedar rust, but the disease was not prevalent 
on apples in Iowa at that time. The first recommendation for the control of the 
apple rust by destroying the cedar trees was made by Jones in 1893, who reported 
magical results from the creation of a cedar-free zone for a radius of 1 mile around 
an orchard that had suffered severely. By 1901 the disease must have been fairly 
prevalent in the South, as Austin reported on spraying experiments in Alabama. 
The disease was first reported to affect apples in Wisconsin, Iowa, Minnesota and 
Nebraska in 1903, although the fungus had long been known on its other hosts in 
that territory. According to Pammel, there was a severe outbreak of the apple rust 
in Iowa in the summer of 19Q4 and adjacent regions suffered to much the same extent. 
In 1905 Emerson reported on successful spraying experiments carried out at the 
Nebraska Experiment Station. The following year the author began a special study 
of the rust problem in the same state, giving particular attention to the life history of 
the causal fungus, and to the possibility of controlling the disease on the alternate 
host, the common cedar, the resiilts appearing in 1908. Between 1910 and 1915 apple 
rust was the subject of special study in New York by Stewart (1910), in Wisconsin by 
Jones and Bartholomew (1911-1915), in Alabama by Lloyd (1911), in Nebraska by 
Coons (1912), in West Virginia by Giddings and assistants (1911, 1915, 1918), in 
Virgima by Reed and co-workers (1912, 1914, 1915), in North Carolina by Fulton 
(1913), and in Virginia by Fromme and others (1918-1920). Extensive technical 
studies have been published by Reed and Crabill in Virginia (1915) and Giddings and 
Berg in IVcst Virginia (1915 and 1918). The volume of work reported by Experiment 
Station workers in recent years may be taken as some indication of the severity 
and importance of apple rust as an orchard disease. 

In Virginia and West Virginia, the severe epidemics of 1910 and 1912 served as a 
spcicial stimulus to the study of the cedar-rust problem in both field and laboratory. 
During 1913-1914 the West Virginia State Crop Pest Commission began active work 
on the destruction of cedars as a means of controlling rust, while a special Cedar Rust 
Law was enacted in Virginia and became effective in 1914. In those counties in which 
the law has IxKm put into operation most excellent result have been obtained by the 
destruction of cedar trees. 

Geographic Distribution. — According to Giddings, the common rust of apples is 
widely distributed throughout the eastern and central portions of the United States 
from Maine to Florida and westward to South Dakota, Nebraska, Kansas and 
Oklahoma. It is recorded also from Ontario, Canada and from Alaska, but seems to 
be absent from the mountain states and from the Pacific Coast section. The disease 
seems to have attained its greatest severity in the prairie states of the central 
Mississippi Valley and in the commercial apple districts of Virginia and West Virginia. 
The unusual development of the disease in such states as Iowa and Nebraska seems to 
have been due to two factors : first, the fairly common practice of planting the cedar 
tree as a windbreak around orchards and as ornamental trees for the home grounds; 
second, to the frequent use of a very susceptible variety, the Wealthy. In Virginia 
and West Virginia, the common cedar is very much at home, as its name indicates 
(Jurdperus tdrginiana)^ and is frequent along the roadsides even in the commercial 
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apple districts- This natural distribution of the cedar and its ready reproduction, 
coupled with the extensive plantings of another very susceptible variety of apple, the 
York Imperial, gave ideal conditions and '‘cedar rust thrived and waxed fat and multi- 
plied” (Fromme, 1918). 

Symptoms and Effects on Apple Trees. — The rust affects leaves, 
fruits and more rarely the young, tender twigs. Leaf attacks are common 
throughout the range of the disease, and in some localities constitute 
the main phase of the trouble. The rust first shows on the upper surface 
of the leaves as pale-yellow spots about the size of a pinhead, being first 
in evidence abut 10 days after the “cedar apples^' on adjacent cedar 
trees have been in the gelatinous condition. The spots increase in size 
and assume a deeper color, finally?* becoming orange-colored, frequently 
with reddish borders. Minute pustules appear in the center of the spots 
and these show later as small black specks. The leaf tissue beneath the 
spots soon begins to swell up in ease of well-separated spots and produces 
a cushion or blister J 4 to diameter. Minute tubular projec- 

tions, the cluster cups, appear on these cushions, and when mature 
(late June and July) split open and recurve their walls, so that each has 
a stellate appearance. In the bottom of each open cup a mass of brown, 
powdery spores is produced. While the above may be considered typical 
for leaf infections, the attendant symptoms may vary. The two principal 
deviations are due: ( 1 ) to numerous infections in susceptible varieties; 
( 2 ) to aborted infections on resistant varieties. The size of the Bpots 
will vary with the number of infections per leaf, which may be as high as 
200 to 300 in the case of susceptible varieties standing close to cedar 
trees. With a large number of infections the spots remain small and 
coalesce, and in some cases the leaves ma^' turn yellow and fall before 
the cluster cups are formed. Heavily infected leaves may also be more 
or less curled or roiled. In certain varieties infections may result in the 
formation of circular, brown spots of dead tissues H inch or slightly more 
in diameter, which show minute black pustules in the center. These 
infections suggest leaf spots due to imperfect fungi, the central pycnia 
resembling pycnidia. These aborted infections never make any further 
development. Sometimes the rust spots remain minute and undeveloped 
for the entire season, at times not even being able to form the pycnia. 
The aborted infections are found either on resistant varieties or on 
susceptible varieties which have been infected after the leaves are nearly 
mature. ■ 

• ■ Bust lesions may also, appear on the young twigs of very susceptible 
. varieties, but they are rare in comparison with leaf and fruit lesions. 
Affected twigs will show slightly enlarged cushions covered with the 
characteristic cluster cups. They may appear either at the nodes and 
surround and involve a bud, or they' may be located in internodal areas; 
Smiths^ Cider is reported (Reed and Crabill, 1915) as showing seriously 
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disease twigs and more recently Hopkins (1922) has recorded a case of 
heavy twig infection on the Yellow Bellflower. 

In susceptible varieties of apples the young fruits may be very gener- 
ally infected. The lesions may be localized at the calyx end of the fruit 
and involve the calyx lobes, but they may also be on the side or at the 
stem end or general over the entire surface. Young infections will show 
characters similar to the upper surface of leaf lesions, but later cluster 



Fig. 230 . — Mature secia on the under surface of an apple leaf. 

cups will break through the same lesions, generally appearing in a ring 
around the central pycnial pustules. There may also be a greenish or 
yellowish discoloration of the flesh extending to the core and quite 
often pycniospores may be found in the core. Jonathan, York and Ben 
Davis are particularly susceptible to fruit infection. Slight infections 
of the fruit have only a disfiguring effect, while in more severe develop- 
ment, deforming and atrophy may result. 
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The injury to the apple from rust is due to: (1) leaf infections and the 
resultant defoliation; (2) dwarfing and reduction of quality of the fruit. 
Foliage of susceptible trees standing adjacent to cedars may bear so 
many lesions as to appear a pronounced yellow even from a distance, 
and in such cases there will be an early defoliation. It has been shown 
that the leaf fall is proportional to the number of infections per leaf, 
Giddings and Berg report that in 1914 York Imperal leaves with 10 or 
more rust lesions showed a dropping of 55 per cent before Sept. 1. The 
spotting and the dropping of the leaves constitute a severe drain on the 
vitality of the trees, and therefore they go into their winter rest in a 
weakened condition. The effect on the fruit may be direct from localized 
infections, but ^dt is believed that leaf infection is a far more important 



Fig. 231. — A normal fruit- and fruits deformed and iitropiiied by apple rust., (Drawn 

from a photograph.) 


factor than fruit infection in determining fruit size” (Giddings, 1918). 
The effect of severe leaf infections on fruit setting and size may even be 
carried over into the year following the attack. The fruits showing rust 
lesions frequently become infected with rot-producing fungi which cause 
still further loss, but rust spots do not increase in either size or number 
during storage. The physiological effect of cedar rust on the apple is 
emphasized by the findings of Reed and CTabill (1915) that rusted leaves 
appear to lose control of their transpiration, that the process of photo- 
synthesis in diseased leaves is very materially retarded, and that respira- 
tion is more rapid in the diseased than in the healthy foliage. 

Ixisses from cedar rust have been especially heavy in Virginia, West 
Virginia, Iowa and Nebraska, but evident, though less serious, in other 
states, Fromme (1918), writing of eondjitions in Viriginia, says: 
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232. — “ Cedar apples'’ or galls {Gvmrwspcrangiumjumperi-'Birginianm) on the common 
cedar. One at the right alive, the other an old gall of the previous season. 


form, corky, galls of varying sizes, from those scarcely 3^ e iiich in diameter 
to others 2 inches across, scattered over the tree. The young galls are 
first evident in June as minute globular structures in the axils of leaves or 
slightly removed from this position on the leaves. They grow rapidly 
during the summer, and by fall have reached mature form and size. At 
this time they show circular depressions scattered over their surface. In 
April or May of the following season or during the first warm spring rains 
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The effect of cedar rust on the York is quite different from that on Ben Davis. 
The attack is chiefly on the foliage, which falls early, leaving half-nourished, under- 
sized apples. Ir^hen the infection is heavy the loss is almost complete. Prom- 
ising number ones are reduced to culls. The tree itself suffers severely. Growth 
is arrested, few fruit buds are formed and the next year’s crop is sure to be a light 
one. A heavy cedar-rust infection thus means a loss of a large part of 2 years’ 
crops. 

The loss for Shenandoah County, Virginia, was estimated at $100,000 
for 1917. Giddings and Neal (1912) reported that ^Hhe rust of the apple 
has been one of the most serious diseases found in many of the orchards of 
West Virginia during the past few years. The damage this year in one 
county is placed at $75,000. These illustrations will suffice to emphasize 
the importance of cedar rust as a factor in commercial orchard districts. 

Symptoms and Effects on Cedar Trees.— The disease appears on the 
red cedar in the form of chocolate-brown, globular, subglobular or reni- 
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an elongated, gelatinous, orange-colored horn or projection is pushed out 
from each depression, and in this condition, the larger galls have quite a. 
flower-like appearance, which has suggested the popular name of cedar 
flowers/^ The smallest galls may produce only one or two gelatinous 
horns, while large ones may form 300 or more. These gelatinous horns 


Fio. 23S. — single large gall with completely expanded, gelatinous telia. 

dry up and the old galls are left, finally as dark-brown or almost black, 
hard structures which may persist on tlie tree for some time. In inidsuin- 
mer a cedar tree which had been affected for a sufficient length of time 
would show young galls Just beginning to form, galls which had bloomed'' 
in the spring and some old galls of former seasons. 
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Cedar trees may show only a few galls, or they may be so heavily 
infected that their branches are bent with the weight of the cedar 
apples.” The injury to the cedar is of little concern in those localities in 
which this tree is common in the pastures, waste places and roadsides 
(Virginia and West Virginia), but in the plains country in which cedars 
have been used for windbreaks or for ornamental plantings they are fre- 
quently prized as highly as the apple trees. The amount of injury to 
cedar trees varies with the severity of the infections and the age of the 
trees. Observations in Nebraska (Heald, 1909) showed that trees from 
20 to 30 years old were the most suceptible to infection and suffered the 
most from the presence of the parasite. In many places severely infected 



Fig. 234. — “Odar apples” of various sizes just beginning to show telia. {Natural size. 

Drawn from a photograpfi.) 

cedars were found to be dying and there was little doubt that the cedar 
rust was responsible for their destruction. 

Etiology. — Cedar rust is due to one of the true rust fungi, Gymno- 
sporangium jimiperi-virgmiance Schw., a heteroecious pathogene, which 
passes a part of its complex life cycle on the apple and a part on the com- 
mon red cedar {Juniperus virginiana), the proximity of the two hosts being 
essential to the perpetuation of the disease. In the earlier literature the 
pathogene appeared under the name of G. macropus Lk. When the stages 
on the two hosts were first observed and studied they were thought to be 
independent fungi, and the a&cial stage on its pomaceous hosts was 
described as Bmstelia pyrata (Schw.) Thax. The first genetic connection 
between Gymnosporangium species and Roestelia or sBcidium forms was 
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established by Oersted in 1865^ and since that time all Gyninosporangia 
have been shown to have a Rmstelia stage. 

Another species, G, glohosujn FarL, also parasitizing the red cedar, is 
the cause of apple and pear rust in the eastern United States, while the 
western rust ((?. blasdaleanum) of the Pacific Coast alternates between 
the incense cedar {Libocedrus decurrens Tor.) and cultivated apples, pears, 
quinces and wild Pomese. 

The following is a summary of the life cycle of the cedar-rust patho- 
gene: (1) spore horns, or telial sori are produced from galls in the spring; 
(2) the teliospores embedded in these germinate during warm spring rains 
and produce promycelia wdth secondary spores or sporidia; (3) as the 
humidity decreases a little (a drop of 10 per cent or more) the sporidia are 
forcibly ab jointed and are blown away by the wind; (4) the sporidia fall- 
ing on young leaves or fruits of the apple germinate and start infections; 
(5) after a period of incubation pj-^cnia appear on the upper side of the leaf 
lesions, to be followed later by the secia on the lower surface; (6) the secia 
produce the teciospores, which fall out of the cups and are caiTied to the 
cedar, where they germinate and start infections; (7) the host responds by 
the formation of the characteristic galls which reach maturity in thelate 
fall and are ready to form telial horns in the spring. 

Compact masses of fungous tissue develop beneath the cortex of the gall 
depressions and early in March, April or May, depending on the lati- 
tude, the increasing pressure causes the rupture of the cortex, and the 
telial column or sorus begins to emerge. The tentacle consists of the 
elongated gelatinous stalks of the two-celled teliospores, wdiich are pushed 
out to the surface by the elongation of these stalks. The telia are golden 
yellow, cylindrical, acuminate and vary from less that inch to more than 
1 inch in length. The teliospores are oval to acuminate, frequently con- 
stricted at the cross-septum and 15 to 20 by 46 to 60g,. With the absorp- 
tion of water from the spring rains the sori swell to enornious size and 
become more gelatinous and the teliospores germinate in situ. This may 
be repeated during periods of rainy wea ther, up until about June 1, the sori 
drying in the interim, so that there may be one to as man}’' as six or even 
more periods of telial germination before the supply is exhausted, tlie 
number of periods depending upon the w^eather conditions. Each cel! of 
a teliospore can grow out into a hypha-like structure, the promi/reliunu 
which under typical conditions becomes four septate, leaving a sterile 
stalk cell and four fertile or basidial cells, each of wdiich produces a second- 
ary spore or sporidiumf borne on a short lateral projection (sterigina). 
A teliospore thus produces eight sporidia. It has been estimated that a 
single gall inches indiameter may produce the enormous total of 7,440, - 
000,000 sporidia, which will emphasize the fact that a single cedar tree may 
be a menace to an entire. orchard ;(IJoyd and Ridgway, 1911). Coons 
(1912) has shown that, as the telia dry following rain period, the sporidia 
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are forcibly ab jointed from their sterigmata and are thus set free from the 
telia, after which they are readily carried away by the wind. The number 
which fall on apple foliage will depend upon the distance of this host from 
the cedar trees. Under favorable conditions the sporidia germinate by the 
formation of a germ tube which very soon penetrates the epidermis of 
the upper leaf surface and an infection results.^ The period between 
sporidial dissemination and actual infection is very short, being reported 
as short as 6 hours. This behavior has a very important bearing on 
control, making it especially difficult to prevent infections by spraying. 



Fit}. — Gcrminutit)!! of teliospores of Gymnosporangimn juniperi-'oirghdanm. 
l31)ical ^germination;, compact form; h, typical germination, elongated type; c, promycelia 
showing deviation from the typical; d, teliospore showing direct production of sporidia. 


After a period of incubation of 7 to 16 days, the rust becomes visible 
on the upper surface as pale-yellow spots about the size of a pinhead. 
The spots enlarge and assume a darker shade of yellow and in about 2 
weeks little raised specks appear in the center, the openings of the flask- 
shaped pycnia embedded within the leaf tissue. These pycnia soon 
exude a thick orange-colored fluid, which contains the pycniospores. 
With the cessation of pycniospore formation the pycnia appear as small 

^ In, an article which the writer had no chance to edit this statement was changed 
to read, ^‘Produce infections by the entrance of infection threads through stomata 
into the tissues of the host (Heald, 1900). 


1 
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black specks. The pycniospores are not known to play any essential 
part in the life history of the pathogene. 

The mycelium of the rust fungus is intercellular but sends haustoria 
into the cells of its host. Its presence stimulates the invaded tissue and 
an excessive enlargement and multiplication of the spongy parenchyma 
cells result in the formation of the characteristic cushion or swelling that 
develops on the under side of a lesion. These swellings are at first 
unbroken, but soon (late June or July) the secia which have been form- 
ing within break through the under epidermis, and protrude at first 
as brown papillse. The outer coating or peridiimi then ruptures, gradu- 
ally splitting to the base as it elongates and during dry weather the seg- 



Fig. 236.-— a group of iBcia much enlarged. {Photo of drawing by Mrs. VenmPool McKay, 
Neb. Exp, Sta, Am Bept, 22, 1909.) 

ments or: rays become recurved . giving the open leciiim a stellate 
appearance. , ' " ■ 

The peridium is composed of a single layer of cells which forms a covering for 
the ascidiospore chains within. The peridial cells are virtually modified tpcio- 
spores and are produced by a difiereiitiation of the apical a 3 cidiospores at the top 
of the secidiurn and of whole chains of secidiospores on the sides of the a^cidiura 
(Reed and Crabili, 1915). 

The mciospores are borne in chains within the peridium and are gradu- 
ally set free as they mature. During the wet weather they are prevented 
from falling out by the closure of the peridial strands or segments, but 
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during dry weather they are easily dislodged. The mature seciospores are 
almost spherical; dark brown, with minutely pitted walls, somewhat darker 
than the granular cell contents. The younger and deeper lying secio- 
spores are more or less polyhedral, due to pressure of the adjacent chains. 
The seciospores are apparently dependent upon the wind for their dis- 
semination. If they reach susceptible portions of the cedar tree and other 
conditions are favorable, they may germinate and produce infections; 
otherwise they will perish. They germinate very poorly during the 
summer but even as late as October, hence it is not known just when 
the actual infection of the cedar occurs. Two possibilities have been 
suggested: (1) that infections occur soon after dissemination of the 
spores; and (2) that the spores remain dormant until spring and germinate 
about the time growth starts in the cedar. Whichever happens, it is 
certain that the young galls do not make their appearance until the June 
following the seciospore dissemination, which takes place in July, August 
and September. 

The galls were at first supposed to originate as outgrowths from young 
stems, and this idea was supported by a number of investigations. 
Stewart (1915) from a histological study concluded that they originate 
as modified axillary buds, but Weimer (1917) has presented evidence 
that they originate as modified leaves. The most common point of 
origin is close to the base of the leaf on the upper side, hence superficial 
examinations suggests axillary origin. The development of the gall 
does not start until the cedar starts growth in the spring. Growth 
then continues quite rapidly, and by late fall the galls have reached full 
size. Internal organization of the telia proceeds slowly and the surface 
depressions become more pronounced. The mature gall is a mingled mass 
of parenchyma and vascular tissue of the host and an intercellular myce- 
lium of the pathogene surrounded on the oustide by layers of brown cork 
cells. In early spring the overwintered galls are ready to produce the 
gelatinous sori with their crops of teliospores, and the life cycle will be 
repeated. 

It was formerly supposed that the cedar apples^’ matured in the 
fall originated from infections brought about by aeciospores of the pre- 
ceding spring, but the writer first showed (Heald, 1909) that the young 
galls appear before the cluster cups of that season have begun to shed 
spores, hence they must originate from £eciospores of the preceding season. 
Even if the jBciospores should lie dormant in the leaf axils during the 
winter period, it still means that the pathogene requires approximately 
23 months from the time of seciospore dissemination to complete its life 
cycle. 

The spraying of cedars Sept. 2 and later, which gave almost no reduc- 
tion in the number of galls over unsprayed trees, and the marked reduc- 
tion in infection secured from sprayings made in July and August, support 
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the idea of infection following shortly after a^ciospore dissemination rather 
than being delayed until the following spring (Healdj 1909). 

Conditions Which Influence Infection of Apples. — In order that rust 
may develop in an apple orchard there must be infected cedars not far 
distant, and then the amount of rust W’^hich appears will depend on: (1) the 
location of the trees with relation to the cedars; (2) the weather condi- 
tions which prevail at critical periods; and (3) the development of the 
apple foliage at the time of dissemination of the sporidia. According to 
Thaxter (1891), infection may take place when the nearest cedars are 
8 miles distant, but it has been shown that a cedar-free xjone of 1 mile 
around an orchard is usually sufficient to give commercial protection. 
Windbreaks close to orchards are favorably located because of proximity 
of the tw^o hosts and because prevailing winds would carry the sporidia 
into the orchard. The elevation of cedar trees vdtii reference to adjacent 
orchards or the presence of intercepting barriers between cedars and 
apples will modify the severity of infections. Giddings and Berg (1915) 
state that : 

A rain lasting at least 2 or 3 hours is usually required to bring about spore 
production and discharge on cedar apples; the rust spores arc usually discharged 
for only a few hours after a rain or between showers, wlien the humidity of tile 
air drops somewhat; the cedar apples are particularly active in diseiiarging spores 
after a prolonged dxy spell, but they appear to be temporarily exhausted after 
two or three closely successive periods of discharge; and ordinarily a wind velocity 
of at least 3 or 4 miles per hour is necessary for a sufficient distribution of spores 
to cause any general infection. 

The amount of rust will depend on the age of leaves at the time of sporidia 
dispersal, since only young leaves can be infected. Under some condi- 
tions conidia may be disseminated before the leaves have developed 
sufficiently to become infected, while at other periods of spore dispersal 
some of the foliage may be too old to take the disease. The coincidence 
of a period of heavy sporidial dispersal with a period when many of the 
apple leaves are young will give maximum infection. Since sporidia 
live for only a few days, those disseminated previous to the appearance 
of the leaves will come to naught. ^^Penetration of the germ tubes takes 
place through the dorsal epidermis of the leaf, and it therefore seems 
probable that the increasing thickness of cell walls and cuticle is the factor 
which determines the period of possible infection'^ (Reed and ('Tabill, 
1915). 

Host Relations. — It seems probable that the cedar rust first occurred 
on the wild crab (Pyrus cormaria) in the southern and eastern United 
States and at first was confined to^ this host and the cedar. Its 
spread to apple orchards parallels the development of commercial 
orchards, although its appearance in Iowa orchards had not been noted 
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previous to 1904, yet it had been observed on the local wild crab (Pyrus 
iowensis). Early attempts to inoculate cultivated apples failed, and the 
final establislinient of the disease in apple orchards is believed to be due 
to the extensive planting of very susceptible varieties, the Wealthy 
in the plains country of Iowa and Nebraska and the York Imperial 
in Viriginia and West Virginia. The Roestelia stages on pears, 
quinces, serviceberries and hawthorns belong to other species of 
Gymnosporangium. 

Observations have been made in the various states on the comparative 
susceptibility of different varieties of apples. Giddings and Berg (1915) 
recognize the following groups: (1) susceptible; (2) moderately suscep- 
tible; (3) resistant; and (4) immune. Some varieties are listed differently 
in different states — for example, the Ben Davis, susceptible in Virginia 
and Iowa; moderately susceptible in West Virginia; and resistant in 
Nebraska, Massachusetts, Rhode Island and Delaware. Evidently 
resistance many be only apparent, since some varieties may escape 
infection due to time of expansion of the foliage or its rapidity of develop- 
ment. There seems to be a general agreement that such valuable vari- 
eties as the Vfealthy, York Imperial and Jonathan are very susceptible. 
Varieties like Baldwin, Stayman, Winesap, Arkansas Black and Yellow 
Transparent which are listed as immune in West Virginia are reported as 
resistant in most other states. From this it seems doubtful if there are 
any varieties which show a real immunity. 

Control or Prevention —The cedar rust of apples may be completely 
eliminated from an orchard by interrupting the life cycle of the pathogene 
by the removal and destruction of cedar trees. The preventive practices 
which relate to the alternate host, the cedar, are as follows: (1) Remove 
and destroy all cedar trees within a radius of 1 mile around the apple 
orchard. While this will not give absolute protection, it will afford com- 
mercial control in most cases. (2) Avoid the use of cedars for wind 
breaks around orchards or for ornamental plantings within a mile of apple 
orchards. (3) In case of a few small cedars in public parks or on private 
estates, the removal of the cedar apples previous to the production of the 
gelatinous sori will afford protection to nearby apple trees. For large trees 
this is a difficult and laborious task, and should not be attempted. (4) 
In cases where the cedar rust is threatening the life of the cedars and these 
are considered too valuable to destroy, some protection is possible by 
spraying the cedars. Spraying cedars with 6“6~48 Bordeaux plus 3 
pounds of soap on July 26, and Aug. 6 and 15 gave 48 galls on the sprayed 
tree as compared to 950 on the control (Heald, 1908). The practical 
application of spraying cedars for the prevention of ''cedar apples '' must 
depend largely upon local conditions. The reduction in the number of 
galls is not sufficient to be of muck value in preventing the infections of 
adjacent apple trees, but if the life of valuable cedars is being threatened 
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by Llie abiindaiice of the fungus, spraying should reduce its ravages 
siiificieiitly to prevent any material injury to the cedars. 

The practices which relate to the apple are as follows: (1) Avoid 
planting apples, at least susceptible varieties like Wealthy, Rome and 
York, within the vicinity of established cedars. If the cedars cannot be 
eliminated or a safe distance cannot be found, select only known resistant 
varieties for planting. (2) If, as sometimes happens in the plains country, 
established cedars are prized more than a few apple trees, the removal of 
the latter will eliminate the disease on the cedars. (3) Spraying has been 
reasonably successful in the hands of careful experimenters, but it is unre- 
liable as a commercial practice. Dusting has proved still more unreliable. 
Working in West Virginia, Giddings and Berg (1915) obtained the best 
control with lime sulphur, 1-40, slightly poorer with Bordeaux and still 
poorer with “atomic sulphur.” Seven applications are necessaiy and 
these follow at short intervals: (1) when the blossoms buds are showing 
good color; (2) within 1 to 2 day^s after the first blossoms open; (3) when 
one-half to twm-thirds of the petals have dropped; (4) after 3 to 4 days; 
(5) after 5 to 6 days; (6) after 5 to 6 days; (7) after 6 to 7 days. Spraying, 
to be effective, must protect the foliage previous to the period of sporidial 
discharge, since it has been shown that infection requires only a few hours' 
time. The delay of a single day or part of a day may make the difference 
between failure and success. Since spraying must be so carefiill}^ timed 
and the different applications must be made at such short iiitervals, it 
would be difficult to secure effective control in large orchards without too 
great expense for labor and equipment. 

In the regions in which cedar rust has become a real menace and the 
cedars are native and common, as in Virginia and West Virginia, there is 
no question but what the eradication of the cedar is the most effective and 
the most economical method of cedar-rust prevention. In these states 
special laws wei'e enacted which declared the red cedar tree a nuisance iuid 
provided for its destruction. By this law a district could adopt ‘‘cedar 
local option.” The cutting out of the cedars in Mrginia ami West Mr- 
ginia has been practiced in many sections with excellent results and at an 
average cost of less than 50 cents per acre. “Cedar eradication is the 
cheapest form of orchard insurance you can hny. The cost on the average 
is less than the cost of a single spray application ” (Fromme, 1918). 
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IMPORTANT DISEASES DUE TO RUST FUNGI 

EnDOPHYLLACE/E 

Houseleek rust (Endophyllum sempenmi (A. & S.) De B.). — Hoffman, A. 
VV. H.: Zur Entwickeliingsgescliichte von EndophyUum sempervivi. CentralbL 
Baku u. Par., II Abt. 32 : 137-158. 1912. Werth, E. : Zur Keniitniss des Sem- 

pervivum-Ilostes. Centralhl. Bakt. u. Par., 11 Aht.Z^: 395-408. 1913. Reed, 

G. M. : The discovery of Endophyllum senipermm (A. & S.) De B. in North America. 
Torreya 17: S4-S5. 1917. Moreau, F.: Les Uredinees du groupe Eiidophyl- 

lum. Bui. Soc. Bot. France, 66: 14-44. 1919. 

Short-cycle blackberry rust {Kunkelia nitens {Sckw.) Arth.). — K tjnkel, Otto: The 
production of a promycelium by the secidiospores of Ccemna nMem Burrill. Torrey 

Bot. Club Bui. 4:0: 361-366. 1913. : Nuclear behavior in the promycelia 

of Cwoma nitens Burrill and Puccmia peckinmia Howe. Amer. Jour. Boi. 1: 

37”46. 1914. : Further studies of the orange rusts of Rubusiii the United 

States. Torrey Bot. Club Bid. 43: 559-569. 1916. Arthur, J. C. : Orange rust 

of Rii!)us. Bof. Gaz. 63: 501-515. 1917. Dodge, B. O. : The distribution of 

the orange rusts of Riibiis. PhyiopaiJu 13: 61-74. 1923. : Systemic 

infections of Rubus with the orange rusts. Jour. Ayr. Res. 25 : 209-242. 1923, 

: Uninucleatod eecidiospores in Cceomu nitens and associated phenomena. 

Jour. Agr. Res. 28: 1045-1058. 1924. 

COLBOBPORIACE/E 

Siwernl spevioH of Coleosporium produce their pyciiia and leeia on various species 
of pines, and their urodinia and telia on dicotyledonous hosts. The following is one 
of the most important. 

Rust of golden rod and pine (Coleosporium soIiJagM^^ (S(‘hw.) Tliurn.). — D uggar, B, 
M.: lAingous Diseases of Plants, pp. 435-437. Ginn ami Company. 1909. 
Rankin, W. H.: Manual of Tree Diseases, pp. 265-269. 1918. Hedgcook, G. 

G., HunT, N. R. and Hahn, G. G. : New specie.s and relationships in the genus 

Coleosporium. Mycologia. 12: 182-198. 1920. and Hunt, N. R.: Notes 

on some species of Coleosporium. I. Mycologia, 14: 244-257. 1922; 11. Ibid. 

14: 297-310. 1922. Weir, R.: The genus Coleo.sporium in the northwestern 

United States, hlycologia 17 : 22.5-239. 1925. 

Leaf rust of scrub pine (Gallowaya pint (Gall.) .\rth.).—Jou.r. Myc. 7: 44. 1891. 

Rankin, W. H.: Manual of Tree Diseases, p. 270. 1918.' 

■ ■■ CliONAETIACUi;r ' 

Blister rust of five-needle pines (Cronartium ribicola F. de WaL). — 0 and I on white 
pine; II and III on wild and cultivated Rihes (<‘urnints and gooselxTries). i)r(f- 
GAR, B. M.: The European currant rust. Fungous Diseases of Plants, pp. 443- 
435. Ginn and Company. 1909.' Rankin, W. H.: Manual of Tree Diseases, 
pp. 274-281. The Macmillan Company. 1918. Colley, R, H.: Diagnosing 
white pine blister-rust from its mycelium. Jour. Agr. Res. 11: 281-286. 1917. 

; Parasitism morphology and cytology of Cronariiutn ribicola. Jour. Agr. 

Res. 15: 619-659. 1918. Clinton, G. I\ and McCormick, Flobjence A.: 
Infection experiments of Pinus strobus with Cronartium ribioola. Conn. Agr. Exp. 
iSta. BuL 214 : 428-459. 1919. Snell, W. IL: Observations on the distance of 
spr<^ad of teciospores and uredinlospores of Cronariium ribimM. Pkytopaik. 10 : 
358-364. 1920. Martin, J. F., Gbavatt, G. F, and Posey, G, B.: Treatment 
of ornamental white pmosdnfected with 'blister rust. IL S. DepL Agr. Cite. 177 : 
1-20. 192L Spaulding, P*: Investigations of the white pine blister mst. 
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. IL S. Dept. Agr. Bui 967: 1-100. 1922. Eriksson, J.: The connection 

bctwcKni Peridermiivm strobi Kleb. and Cronariium rihicola Dietr., is it obligate or 
not‘. A critical review: Ark. L. Bot. 18: 40 p. 1922. Cooper, W. S.: The 
ecological life history of certain species of Kibes and its application to the control 
of the white pine blister rust. Ecology 3: 7-16. 1922. Posey, G. B. and 

Boyce, J. S.: White pine blister rust in the Western United States. U. S.Dept. 
Agr. Cfrc. 226 : 1-7. 1922. Filley, W. O. and Hicock, H. W. : Control of the 

white pine blister rust in Connecticut. Conn. Agr. Exp. Sta. Bui. 237 : 305-326. 
1922. Moir, W. S. : White pine blister rust in Western Europe. U. S. Dept. 
Agr. Bui. 1186: 1-32. 1924. 

White-pine blister rust is a forest-tree disease of outstanding importance in the 
eastern United States and Europe and is now menacing the white-pine forests of the 
Pacific Northwest. Several other species of Cronartium of lesser importance are 
present in America: 

0, I II, III 

Cronariium cerelniim (PK.) H. & L On pine (I) Oak (III) 

Ci'onartium occideniale H. B. & H On Pinus edulis On Kibes and 

and P. mono- Grossularia spp. 
phylla 

Cronartium On pine (I) On Comptonia 

On Myrica gale 

Cronartium pyrifoUne (PK.) H. & L One pine (I) On Comandra 

Cronartium cMeosporw^ (D. & H.) Arth. . ..... On pine On Castiileja 

Rankin, W. H. : Manual of Tree Diseases, pp. 281-290. The Macmillan Company. 
Hbdgcock, G. G., Bethel, E. and Hunt, N. K.: Pinion blister rust. Jotir. 
14: 411-424. 1918. 

Leaf rust of Engelmann spruce (Chrysomyxa weirii Jackson). — Weir, J. K.: The 
genus Chrysomjoca. Mycologia 16: 183-187. 1923. 

Leaf blister rusts of spruce {Melampeoropsis spp.) — Uredinial and telial stages occur 
on various species of the heath family (Ericacese), the tecial stage (Peridermium) 
on species of spruce, Rankin, W. H.: Manual of Tree Diseases, pp. 315-316. 
191$. 

Melampsorace.® 

Grape rust (Phakospora vitis (Tlitirn.) Syd. = Physopellavitis (Thiim.) Arth.). — Shear, 
C. L.: Grape rust in Florida. Phytopath. 14 ; 170-171. 1924. 

Fig rust (Physopella Jki (Cast.) Arth. = ? Phakospora). — Heald, F. D, and Wolf, F. 

A. : A plant-disease survey of the vicinity of San Antonio, Texas. U. S. Dept, 

Agr., Bur. PL Did. Bui 226: 26. 1912. Matz, J: Some diseases of the %. 

. Pia. Agr. Exp. Sia. Bid. 149 : 6-7. 1918. 

Leaf rust of hemlock (Necium farlowii Arth.),— Arthur, J. G.: N. Anier. Flora 7: 
114. 1907. 

Poplar rusts (Melampsora spp.).— Three different poplar rusts may be noted : 

M. medusm 11mm. Cajoma stage on larch. 

M. aMetis-canadmisis (Farl.) Lud. Cseoma stage on hemlock. 

M. albermsis Arth. Cieoma stage on fir. Rankin, W. H.: Manual of Tree 
Diseases, pp. 159; 182-183; 212-213; 298-300. The Macmillan Company. 1918. 
Willow rust (Melampsora higelowii Thiim.).— This rust produces its cseoma stage on the 
larch. There are several other species of Melampsora on willows. Jackson, H. 

B. : The Uredinales of Oregon. Brooklyn BoLGard. Mem. 1 : 209-211. 1918. 
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Flax rust (Mdampsom Uni (Pcrs.) Desmaz.).— B uchheim, A.: Zur Biolofric von .1/' A- 
ampsora lArd. Ber. Dmd. Bot. Gesell. 3Z: 73-75. Butuoe, E. .J.: un,! 

Disease in Plants, pp. 320-326. 1918. Tobebh, Fk.; Zur Kenntnis d |erLebens- 

und Wirkungsweise des Flachsrostes. Faserforseh. 1 : 223-229. 1921.f; 

Leaf and cone blister rusts of hemlock (Pucdniaslrum spp.).—T\vo spccK. '« may be 

noted: , ^ 

P minimum (Schw.) Arth. Uredinia on Rhododendron spp. 1 

P myrtilli (Schum.) Arth. Uredinia and telia on Vaccinlum. spp. SP-VitrLDWO P: 
Diseases of the eastern hemlock. Proc. Soc. Ainer. Foresters 9 : 245-256 ;■ ^ 1914. 
Hydrangea rust (Pucciniastnmi hydrangea (B. & C.) Arth.). II and III on H c ningta, 
the Peridermium stage on hemlock. Ad.«is,_ J. F.: The alternate ' •'^tagn of 
Pucciniastrum. hydrangece. Mycologia IZ: S3-3o. 1929- „ J, . ^r. , 

B.a.spheTrY rast [P'licciniastriim americaniim (FarL) Artli.)- Dod<3je, i:>. 

ology and host relations of Pucciniastrmn americanuni. Jour. 24: 

88^^894. 1923. . . . » c, , , , 

Witches* broom of fir and spruce (Melampsorelia elahna ( A. & h.; iiARi^iUj!, 

It.: .Jjjcidiwri {FeHdermiu 7 n) eloMnwM Text-book o.( tlie disoa.s('s of tiees; pp. 
179-182. 1894. Weir, J. R. and Hubert, E. E,: Notes on fon^st tree rusts. 

Phytopath. 8: 114-115. 1918. Rhodes, A. S., Hedocook, G. (,b, J^ethel, E. 

and Hartley, C.: Host relationships of North American rusts, other than 

Gymno.sporangiums which attack conifers. Phipoputh. S: 1918. 

Vaccinium rust or witches* htoom (Calyptospora cohiutnaris (A. & »S. * Ixriiiii.)-“AtYetd;s 
species of blueberries and huckleberries. Peridermium stage^on A5ies spp- 
Tubfuf K F. von and Smith, W. G.: Diseases of Plants, pp. dA)“378. Long- 
mans, Green & Co, 1897. Weir, J. R. and Hubert, E. E,: Notes on forest tree 
rusts. Phytopach. 8: 115-117. 1918. 

PUCCINI.\CE.E 

Bean rust {Uromyces uppendiculalns (Pons.) Fries '..—An 

D. AND WiNGARD, G. A.: Bean rust. Va. Agr. Exp. Sta. bid. 22Q: l-lb. ^ 1J18. 

and : Varietal susceptibility of beans to rust. Ayr. Pcs. 21: 

385r~404. 1921. 

Carnation rust {Urofnyces earyophylli^ius (Schr.) \\ int.V .Vn eu-h4iero4> pe, hut not 
known in America on its lecitil host, Euphorbia yirardbiaa, 8iu:u)0\, J. I..; 
The effect of different soils on the developmeiit of i-anm1io!i rust. /in/. 64c. 40: 
225-229. 1905, Duogar, B. M.: Fungous Diseases ot Plants. ^ pp. 499-402. 

1909. Doran, William L.: The minhmmu optimum and maximum tempiu- 
atures of spore germination in some Eredinales. Phytopath. 9: im -101. VJIA 
Clover rusts (Uromyces spp.).—Thive ditTerent clovtu' rusts an* re<‘,>gniztMl hy \ >a vis : 

1. U. trifoiiUrepe-ntis (Cast.) Lire on white clovm* (T. rcpcNs L. ). 

2. U. trijolii (Hedw.) Lev, on red clover (T. prateme L.) and zig-zag elover •: 7 , 

medium L.). 

3. U. hyhridum Davhi on O' aiyhridumL.). 

All are eu-auto forms. Kobbd, F.: Trifolimilx-wohuendc Rostpil/c. Miihd. 
Natnrf. Oes. Beni. 1919: 5^-54. 1920. Davk, W. IL: SutmiKtry of iiiv.'sHga- 

tions on clover rusts. Mycologia 16 : 203-219. 1924. 

Rust or leaf disease of coffee (Hemileia vastatrix B. & Br.).— BrTLER. K. .1.: Fungi 
and Disease in Plants, pp. 468-476.. Calcutta. lithS. Jnsu: Mstuil.j 

preliminar da molcstia das follias de eafeciro causada pnki ■■nemih iu mstatnx. 
Agr. Sao Paulo 23 : 87-1 18; 162-188. 1922. RA(it 7 .\ATUA.v, (1 : The ucciirreuee 
of teleutosporos in HemUeia vastatrix B. & Br. Bot. Gurd. Peradmiya, 8: 1(H)- 117. 
1024. 
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Rust of stone fruits (Tramschelia punctata (Pers.) Arth.). — I on Hepatica, Tlialictrum 
and Anemone; II and Ill'on Prunus spp. Heslee, L. R. and Whetzel, H. H. : 
Manual of Fruit Diseases, pp. 156, 187, 319-320; 377-380. The Macmillan 
Company. 1917. Barkett, J. T.: Observations on prune rust, Puccinia pruni- 
' spinosw Pers., in southern California. Phytopath. 5:293 1915. Ducomet, 

V. : La rouiile du prunier. Rev. Path. Veg. et Entom. Agr. It : 262-267. 1924. 

Orange rust of raspberries and blackberries {Gymnoconiaint&rstitiah (Schi. ) Lag.) 
Autoecious and perennial. Hesler, L. R. and Whetzel, H. H. ; Manual of 
Fruit Diseases, pp. 162-163; 399-402. The Macmillan Company. 1917. (See 
also references under Short-cycle Blackberry Rust, p. 756.) 

Eastern quince rust {Gymnosporangium germinate (Schw.) Kern = Gymnosporangium 
clavipes C. & P.), — I on Amelanchier, Aronia, hawthorn, quince and apple. Ill 
on Juniperus com7nunis, J. virginiana and J. siberica. Hesler, L. R. and 
Whetzel, H. H.: Log. cit, pp. 390-393. Dodge, B. 0.: Studies in the genus 
Gymnosporangium. IV. Distribution of the mycelium and the subcuticular 
origin of the teiium in G. clavipes. Amer. Jour. Bot. 9: 354-365. 1922. 

Eastern pear and apple rust {Gyinnosporangium glohosum Farl.). — Hesler, L. R. and 
Whetzel, H. H.: hoc. cit. pp. 341-344. Weimer, J. L.: The origin and develop- 
ment of the galls produced by two cedar rust fungi. Amer. Jour. Bot. 4 : 241-251. 
1917. 

Common apple rust {Gymnosporangium juniperi-virginiancB Schw.). — (See special 
treatment.) 

Pacific Coast rust {Gymnosporangium libocedri (P. Henn.) Kern. == G. blasdaleanum 
(D. & H.) Kern). — 0, I on apple, pear and quince. Ill on the incense cedar, 
Libocedrus decurrens. Jackson, H. S.: A Pacific Coast rust attacking pear, 
quince, etc. Ore. Crop Pest & Hort. Rept. 1913-1914:204-212. 1915. 

Witches’ brooms of cedars {Gyynnosporangium spp.). — Several species cause witches’ 
broom on different cedars (Juniperus) : 

G. nidm-avis Thax. on red cedar. 

G. j7j,v€mscem Kern on red and Rocky Mountain juniper. 

G. kernimiuni Bethel on the Utah juniper. 

Kern, F. D. : A biologic and taxonomic study of the genus Gymnosporangium. 
N. Y. 'Bot. Gar. 7 : 391-483.- 1911. . 

Snapdragon rust (Puccinia aniirrhmi D. & H.). — Peltier, G. L. : Snapdragon rust. 
III. Agr. Exp. Sta. Bui. 221 : 535-548. 1919. Doran, W, L.: Rust of Antirrhi- 
num. Mass.. Exp. Sta. But. 202: 39-66. 1921. Mains, E.B.: Notes on 

the life history of the snapdragon rust, Puccinia antirrhini Dm%. and Holw. 
Phijtopath. Ui 2Sl-2%7. 1924. 

Asparagus rust (Puccmma-sparapi DC.). (See special treatment.) 

Chrysanthemum rust (Puccinia chrysanthemi Roze.). — Stone, G. E. and Smith, R. E.: 
Report of the Botanists, if Agr. Exp. Sta. Ann. Rept. 9: 76-79. 1897. 
Arthur, J. C,: Chrysanthemum rust. Ind. Agr. Exp. Sta. Bui. 85: 143-150. 
1900. PuTTERiLL, Y. A.: Plant diseases in the Western Province. /ow. Depi. 

0/-8, A/rica 2: 525-532. 1921, 

Crown rust of oats {Puccinia coronata Cda.). — Hoerner, G. R.: Biologic forms of 
Puccinia coronata on outs. Phytopath. 9: 309-314. 1919. Melhus, I. E. and 

Durrell, L. W,: Studies on the crown mst of oats. Iowa Agr. Exp. Sta. Res. 
But. 49 : 115-144. 1919. Hoerner, G. R. : Germination of asciospores, uredinio- 

spores and teliospores of Puccinia coronata. Bot. Gaz. T2 : 173-1 77 . 1921. : 

Misceiianeous studies on the crown rust of oats. Amer. Jour. Bot. 8: 452-457. 
il)2L Melhus, i. E., Dietz, S. M. and Welley, Florence: Alternate hosts 
and biologic specialization of crown rust in America. Iowa Agr. Exp. Sta. Res. 
Bui. 72: 2U-236. 1922. Dietz, B. M.: The role of the genus Rhamnus in the 

dissemination of crown rust. U. S. Dept. Agr. Bid. 1-18. 1023. 
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Yellow or stripe rust of wheat (Puccmia glurnarum, (Sclim.) E. &H.). — Armstrong, 
S. F.: The Mendelian heritance of susceptibility and resistance to yellow rust 
(Puccmia glumarum E. & H.) in wheat. Jour. Agr. Sci. 12: 57-96. 1922. 

Htejngerford, C. W. : Studies on the life histor}^ of stripe rust, Puccinig glumanmi 

(Schm.) E. & H. Jour. Agr. Res. 24: 607-620. 1923. and OwENsj C. 

E. : Specialized varieties of Puccinia glumarum, and hosts for the variety trifcici. 
Jour. Agr. Res. 26: 363-401. 1923. Humphrey, H. B., Hungerford, C. W. 

AND Johnson, A. G.: Stripe rust (Puccinia glmnanvm) of cereals and grasses in the 
United States. Jour. Agr. Res. 29: 209-227. 1924. Arrhenius, O.: Unter- 

suchiingen liber den Zusammenhang von Gelbrostresistenz iind der aktueiien imd 
potentieilen Aziditat des Zelisaftes und der Gewebe. Zeitschr. Pflauzenkr. 34:1 
97-101. 1924. 

Stem rust of cereals (Puccinia graminis Pers.). — (See special treatment. ) 

Sunflower rust (Puccinia helianthi Schw.). — Bailey, D. L.: SLinflower rust. Tech. 

BuL Minn. Agr. Exp. Sta. 1%: 1-32. 1923. 

Hollyhock rust (Puccinia malvacearum Mont.). — Taubenhaus, J. J.: A contribution 
to our knowledge of the morphology and life history of Puccinia malvacearum. 
Phytopath. 1: 55-62. 1911. Eriksson, J. : Der Alai ven rest (Puccinia malvacc- 

arum Mont.), seine Vererbung, Xatur und Entwickelungsgeschichte. Kungl. 
Svenska Veteiiskabskademicns Handlinger. Stockholm 4:7 : 1-125. 1911. Bailey, 

M. A.: Puccinia malvacearum and the inycoplasm theory. Afin. Bot. 34: 173- 
200. 1920. Eriksson, J.: The life of Puccinia malvacearum. Mont, within the 

host plant and on its surface. Phytopath. 11: 450-463. 1921. Blaringhem, 

L.: Variation de la sporuiation de Puccinia jnalvaccamm Mont, sons i’irifiuence 
du greflage des hotes. Rev. Path. Veg. et Erifom. Agr. 11 : 12.5-131. 1924. 

Rust of beets and spinach (Puccinia sarcobati (Peck) == P. subnitcfis Diet.). — Pool, 
Venus W., and McKay, IM. B.: Puccinia subnitens on the sugar beet. Phykh 
path. 4: 20*4-206. 1914. Bethel, E.: Puccinia subnitens and its meiai ho.sts. 

Phytopafh. 7: 92-94. 1917; II. Ibid. 8: 193-201. 1919. Barss, H. P.: 

Destructive rust (Puccinia stibnitens Dietel) on spinn.ch in the Northwest. 
Phylopath.ni 446. 1922. 

Com rust (Puccinia sorghi Schw.). — Weber, G. .F.: Studies in corn rust. Phytopath. 
12: 89-97. 1922. Reyes, G. M.: On the occurrence of maize rust in the Phili- 
ppines. Phil. Agr. Rev. 17 : 3-9. 1924. 

Orange leaf rust of wheat (Puccinia iriiicina Erik.). — Gassnkr, G.: Untersucluingen 
tiber die Sortenempfanglichkeit von Getreidepfianzen gegen Rostpilze. Ccntrnlhl. 
Baku u. Par., II Abt. 49 : 185-243. 1019. Melchers, L. E. and Parker, J, H.: 
Three winter wheat varieties resistant to leaf rust in Kansas. Phyfopaih. 10: 
164-rl71. 1920. Jackson, H. S. and Mains, E. B.: Two strains of Pmxima 

triiicinaon wheat in the United States. Phytopath. 11 : 40. 1021 . and ; 

iEcial stage of the orange leaf rust of wheat, Puccinia iriiicina Erik. Jour. Agr. 
Res. 22: 151-172. 192L 

Yellow late rust of blackberry (Kiiekncola albida (Kuhn) P. Magn.).— Hesleh, L. I{. 
AND Whetzel, H. H.: Manual of Fruit Diseases, pp. 168-169. The lifacmillan 
Company, 1917. Sydow, P. H,: Monograpliia Uredinarum 3: 313-317, 1915. 

Western or yellow raspberry rust (Phragmidium imiians Arthur). — Arthur, J. V.: 
IJredinales. N. Anmr. Flora 7: 165-166. 1012. Weiss, C. 0.: Diseases and 

pests of raspberries. Better Fruit 17 : 7-8. 1 922. 

Rose rust (Phragm/idium spp .). — ^Eight American species are listed by Arthur. 

Arthur, J. C,: North Amerkan rose rusts. Torreya 9; 21-28. 1909. •: 

Uredinales. N. A7ner> Flora 7: 167-173. 1912, 

Cane rust of rose (Earlea $pedom (Fries) Arth,), 


CHAPTER XXVI 



DISEASES DUE TO THE PALISADE FUNGI AND ALLIES 
BASIDIOMYCETES 

This group includes the most important forms of the true basidium 
fungi or Basidiomycetes, represented by the familiar toadstools, mush- 
rooms, shelf or bracket fungi, puff balls, earth stars, birds’-nest fungi and 



Fig. 287. — Clamp connections of basidiomycetes. Ay the development of clamp com 
nections, (After Parmicini.) B, Stereum purpureum; C, Rhizoctonia ; i), a whorl of 
clamp connections in Coniophora cerehella; Ey Merulius lachrymans with branch from one 
clamp connection, (B-Ey adapted from mrious sources.) 

stinkhorns. The familiar structures which are ordinarily referred to as | 

“the fungus” are, in reality, the fruiting bodies only, while the mycelium I 

or vegetative body of these fungi is hidden within the substratum, and i 

must have made an extensive growth before the fruits or sporophores | 

appear. I 

: 761 ' - I 
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The Mycelium. — There are two rather distinctive features shown by 
the mycelium of most basidiomycetous fungi: (1) the binucleate condition 
of the cells of the hyphse; and (2) the presence of characteristic forms 
of cell unions known as clamp connections/V While the binucleate 
condition of the cells is the general rule, uninucleate forms have been 
found, and multinucelate cells may be formed in the older tissues of 
the fruiting bodies by the amitotic fragmentation of the two original 
nuclei. The cells which give rise to the basidia are always binucleate. 
In fully developed clamp connections a slight bulging is noted on one side 
of the hypha just back of a cross-septum and. this appears to overlap the 
beginning of the other adjacent cell. A clamp connection is formed by 



Fxcj. 23S. — De%-elopJiient of the basidia, of Armillaria mmidn. {After Kneljh) 


the growth of a short branch just back of a septum, which curves over 
until its tip comes in contact with the cell on the other side of the septum, 
when fusion takes place, bringing the cell contents of the two adjacent 
cells in communication. The opening is generally closed later, leaving 
the characteristic clamp. The presence of these connections is frequently 
a convenient means of recognizing a basidiomycetous mycelium, Rhizo- 
morphs and mycelial plates are also characteristic features in some 
Basidiomycetes (see pp. 373-375). 

Spores Types. — Conidiospores and chlamydospores are formed in 
some species, but these are inconspicuous and play a very minor part in 
the reproductive processes. The characteristic feature is the produc- 
tion of club-shaped hyphse, the basidia, which form the continuous, uni- 
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nucleate hastdiospores, on slender terminal outgrowths, the sterigmata. 
The common or typical number of basidiospores for each basidium is 
four, but in some species the number may be two, six or eight. The 
basidia are mostly arranged side by side in a more or less extensive pali- 
sade-like layer, the hyrnenium, which rests on a more compact subhymenial 
layer. Enlarged sterile cells, cystidia, may be mingled with the basidia. 

In the simplest forms of Basidiomycetes, there is no differentiated or 
specialized fruiting body , the basidia being borne directly on an unorgan- 
ized mycelial weft, but within the group there is great diversity in the 
form and size of the organized fruits, or sporophores. The progressive 
tendency from the simple to the more complex forms is the increase of 
surface over which the hymenium may be spread, with the display of the 
basidia in such a way as to secure wide dissemination of the spores. This 
increase of surface is attained in a great variety of ways, by wrinkles, 
folds, spines, teeth, pits, tubes or plates. The sporophore is thus simply 
an aggregate of supporting tissue, arranged in various ways for the 
efficient display of the basidia in large numbers. 

Types of Sporophores. — In the true basidiomycetes three general 
types of sporophores may be recognized: 

1. Beginning with the simple unorganized display of the basidia upon 
the m 3 ’'celial weft, the sporophores may be first simple, prostrate or 
resupinate structures with a plain basidial surface, or these may be 
folded, rolled or shelving; next, increase of surface may be attained by the 
raising of the hy'menium on the surface of cylindrical clubs, wffiich may 
be ver 3 ’ much branched or coral-like; or a third modification is seen in the 
formation of minute warts, short spines or flattened or cylindrical (simple 
or branched) teeth may rise vertically from resupinate sporophores or 
hang down from the lower surface of shelving fruits; a fourth type obtains 
the increased surface by shallow pits, honeycomb-like compartments or 
slender c^dindrical tubes packed closely together; while the last device is 
the arrangement of thin plates or lamellse packed closely together but not 
in contact. In all of these devices the fruit is open, that is, the hymenium 
is exposed so that the separated spores may be readily set free into the 
surrounding air. These fruits are characteristic of the Hymenomycetales 
or Agaricales, the true palisade fungi, which furnish numerous parasitic 
or serniparasitic species. 

2. The second type of basidium fruit is a closed structure, in which 
the fertile or basidial portion, the gleba, iB enclosed by a firm surrou'nding 
membrane, the peridium. The spores are only set free by the rupture of 
the peridium, with the formation of a definite opening, by irregular rup- 
tures or by decay. These forms are illustrated by the common and the 
stalked puff balls, the earth stars, the hard-skinned puff balls, the sphere- 
throwing fungi and the birds'-nest fungi. These fruits are characteristic 
of the Gasteromycetales, an order containing only saprophytic species. 
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3. In the third type the gleba or basidial portion of the fruit is at first 
enclosed within a subterranean, tuber-like structure, which at maturity 
ruptures and allows the viscid spore mass to be carried rapidly upward by 
the expansion of an interior mass of elastic tissue. This type is illustrated 
by the common stinkhorn or carrion fungus, lihyphallus impudicus and 
related forms, and is characteristic of the order Phallales. Species of this 
order are of but little interest to the plant pathologist, but it may be noted 
that Ithyphallus impudicus has been studied in connection with a disease 
of sugar cane. 

Classification.— The importance of the Hymenomycetales or Agari- 
cales in furnishing plant pathogenes and wood-destroying fungi will 
justify the characterization of the families and the most important genera - 

1. Exobasidiace®, or the gall-forming palisade fungi. In this family' 
which consists entirely of obligate parasites, two features are character^ 
istic: (a) an internal mycelium, which generally causes hypertrophy of 
leaves, fruits or other affected parts; and {b) the display of the hymmium 
over the surface of the galls or hypertrophied structures, rather than on 
organized sporophores. 

Exohasidium.~B&Bid\& four-spored and closely packed on the surface 
of the affected host parts. Parasitic on various species of the heath 
family (Ericacese). 

2. Thelephoracese, or the smooth shelf fungi. Fruit a loose mycelial 
weft or a pellicular, fleshy membranous, tough fleshy or tough leathery 
structure, resupinate, rolled, shelving or branching, and with the basidial 
surface smooth on only slightly papillate or ridged. Basidia with two to 
six spores. 

Septobasidtum. Sporophores coriaceous, resupinate and effused 
Probasidia give rise to transversely septate basidia, bearing simple hya- 
line spores one each for the terminal and subterminal cells. 

Oarfeaww.— Sporophores hypochnoid, membranous, fleshy or leathery 
and always resupinate. Without cystidia. Spores globose to ellipsoid 
and hyaline. 

Coniophora.—SpoTophore membranous or fle.shy membranous, resupi- 
nate and widely spreading, surface smooth or warty or wrinkled. Spores 
yellowish brown. ' 

Stereum.—Bpovophores leathery or nearly woody, resupinate or ' 
becoming shelving and frequently densely imbricated. Hymenium vari- 
ously colored. Spores smooth, hyaline. 

Thelephora.-^porophoves tough leathery, erustaceous, shelving- 
pileate or laciniately divided, and stalked or sessile. Hymenial surface 
geneially covered with blunt warts, brown or grayish brown. Spores 
spmy, ellipsoid, often angular and brown. 

3. CIavariace«, or the fairy clubs and coral fungi. Sporophores fleshy 
or tough, cylindrical or club shap^ and unbranched, or branched simply 
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or in coralloid form, with cylindrical, flattened or even thalloid branches, 
Hynienium covering the clubs or branches. Basidia two- to four-sporedj 
spores colorless or yellowish brown. 

Typhula.—hpoxophores filamentous, simple or slightly branched, 
hymenium covering the terminal slightly expanded or uniformly terete 
portions. Generally producing small seed-like sclerotia from which 
sporophores may develop. 

Sparassis . — Sporophores fleshy and very much branched. Branches 
foliaceous, with hymenium on both surfaces. Spores hyaline and smooth. 

4. Hydnaceae, or the tooth fungi. Sporophores membranous felt-like, 
fleshy, corky, leathery or woody and resupinate, shelving or stipitate. 
Hymenial surface covering small warts, short spines, flattened or cylindri- 
cal teeth or slightly anastomosing tooth-like plates. In a few forms the 
pileus is lacking and the teeth spring directly from the substratum. 

Hydnum, — Sporophores of varying consistency as indicated for the 
family and resupinate, shelving or cap-like. Hymenium covering terete 
or awl-shaped teeth which may be simple or branched in coralloid form. 
Spores colorless, smooth. 

Echinodontmm. — Sporophores shelving, woody, perennial, with 
closely set grayish-brown teeth on the lower surface. Interior of pileus 
and teeth reddish brown. 

Steccherinum,— Sporophores pileate, sulcate and radiately subrugose. 
Hymenium on wide irregular teeth. 

5. Polyporaceae. — Sporophores annual or perennial, fleshy, leathery, 
corky or woody, and resupinate, shelving, or centrally or eccentrically 
stipitate, varying from small to very large. Hymenium covering the 
inner face of shallow pits, anastomosing wrinkles, or labyrinthiform lamel- 
IjB, but for the most part in slender, closely packed, cylindrical or angular 
tubes. Basidia four-spored, spores hyaline or colored. 

Menihms, — Sporophores soft, almost gelatinous, soft cottony, or 
leatheiy and resupinate or somewhat raised or shelving. Hymenium 
covering vein-like ridges which anastomose in the middle to form shallow 
pits. Spores hyaline or brown. 

Poria . — Sporophores membranous, fleshy, leathery or woody and com- 
pletely resupinate, sometimes made up of only mycelium and tubes. 
Hymenium in short or elongated cylindrical or angular tubes, which 
generally are closely packed, but are sometimes scattered. Pores white 
or variously colored. 

Fames, — Sporophores woody, bracket-like or hoof-shaped, sessile or 
stalked, often concentrically zonate. Perennial and the closely packed 
tubes stratiform or superposed in annual layers, with the tissue between 
the tubes different than in the general pileus. 

Polyporus, — Sporophores at first fleshy but later becoming leathery, 
corky or woody, shelving or stipitate. Tubes developing from base 
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towards margin^ similar to Fomes but never stratiform as the sporopliores 
are annual. Spore powder white. 

Polystictus . — Sporophores membranous or leathery, never woody, 
resupinate somewhat raised or distinctly bracket form. Annual, tubes 
never stratiform, developing from the center towards the margins. 

Trametes , — Sporophores similar to Fomes and Polyporus, but with 
the pileus tissue extending between the tubes. Annual or rarely peren- 
nial but persistent. 

Lenzites . — Sporophores shelving, sessile or narrowed at the base, 
leathery to corky- woody, generally tomentose and zonate. Hymenium of 
radiating gill-like plates with variable transverse connections, more 
pore-like towards the margin. Spores smooth, hyaline. 

6. Agaricace^. — Sporophores generally soft fleshy but sometimes 
waxy or leathery, of typical mushroom form with cap or pileus and central 
, or more rarely excentric stipe, or sessile and shelving. Hymenium cover- 
ing radiating plates or lamellse, the gills, which are generally separate 
but may anastomose somewhat on the stipe. Spore powder white or 
variously colored. 

Marasmius , — Sporophores fleshy to leathery, tough and drying with- 
out decaying, but reviving when moistened, centralty stipitate or more 
rarely either excentrkally stipitate or sessile. Stipe cartilaginous or 
horny. 

Schizophyllwm^—BpoTophores leathery or almost woody, gray-hairy 
above, sessile. Lamelte of varying lengths, splitting and recurving 
or rolling up at maturity, when dry. Sporophores are persistent xero- 
phytic in habit and revive under moist conditions. 

Armillaria , — Sporophores fleshy, of typical mushroom form, gills at 
first covered by a veil which leaves a distinct ring or annulus on the stipe. 
Gills usually decurrent; whitish or becoming yellowish. Spores globular 
or ovate, hyaline. 

Pleurotus . — Sporophores fleshy, laterally sessile or excentrically 
stipitate. 

Palisade Fungi as Agents of Wood Disintegration. — The majority 
of the palisade fungi of economic importance are wood-destroying organ- 
isms, but a few are able to grow on herbaceous substrata. There are 
three agencies responsible for the destruction of timber while still stand- 
ing in the forest or after it has been worked into various products. These 
are fire, insects and wood-destroying fungi, the latter working mostly 
as silent or hidden enemies. The wood-destroying fungi may be purely 
saprophytic, growing only on dead or structural timber, but in many 
cases these are of as great concern as definite parasites, since they may 
bring about the disintegration of foundation timbers, posts, poles or any 
timber which is in contact with moisture. The various wood-destroying 
fungi which invade living trees are for the most part wound parmites^ 
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gaining an extrance through pruning wounds, sun-scald cankers, winter- 
injured branches, mechanical injuries from hail, lightning or wind, insect 
tunnels, basal fire burns or various other injuries which may expose the 
wood to attack. 

Certain species of palisade fungi confine their attacks very largely to 
the roots or basal part of the trunk, and thus bring about their disintegra- 
tion, or cause a root rot. Other species make their best development in 
the heartwood, or in the portion of the tree trunk containing only dead 
tissue, and are unable to advance into the outer or sapwood. These 
heart rots may so permeate the heartwood as greatly to weaken the 
mechanical support which it should furnish, and also render the timber 
of little value for structural purposes. Some species which start in the 
heartwood may advance into the living sapwood and bark and cause the 
death or disintegration of the living cells. Other species with more of a 
parasitic tendency may be able to establish themselves at once in living 
sapwood or bark, without first growing for a time in dead tissue, thus 
bringing about disintegration which may be called a sap rot. 

Mature sporophores produce spores in countless millions. One can 
be convinced of the enormous number by placing the pileus of a mush- 
room form gill face down upon a sheet of paper covered with a bell glass, 
when in 12 to 24 hours a heavy deposit of spores will fall making a ''spore 
print marking the position of the spaces between gills. In nature 
these spores are forcibly ejected from the basidia and are constantly 
falling when conditions are favorable for sporophore activity. These 
invisible clouds of spores are carried away by air currents and, if brought 
into open wounds of suitable hosts or woody substrata, may germinate 
and establish a mycelium. 

The various wood-destroying fungi, by processes connected with their 
nutrition, cause the disintegration of wood. They must obtain much of 
their food from cell-wall substance, and the foods which they consume 
must be digested or brought into soluble or dialyzable form. Woody 
tissue has undergone a special modification known as lignification, that 
is, the cell walls contain lignin in addition to cellulose, while the middle 
lamellae have a still different chemical composition. The solution of the 
different constituents by the invading fungi is brought about by enzymes 
or digestive ferments secreted, of which many different kinds have been 
isolated. Three of the marked changes which result may be noted: 
(1) the digestion of the lignin, leaving the cellulose; (2) the digestion of 
the cellulose of the walls, leaving the lignin; or (3) the digestion of the 
middle lamellae, thus causing a separation of the individual vessels. 
Invaded wood may become discolored, brittle, soft or punky in accordance 
with the character of the changes induced by the intruding fungus. 
Complete disintegration may occur at localized points, leaving pockets 
which are sometimes filled with white aggregates of mycelium. 
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THE RHIZOCTONIA DISEASE OF POTATOES 

Corticium vagum B. & C. 

This is a widespread disease of the Irish potato characterized by the 
production of stem lesions below the ground level, the appearance on the 
tubers of black specks in the form of '' dirt that will not wash off/' various 
minor injuries and secondary or accompanying effects of rather uncertain 
relationship. Various names, such as “ black speck," ^^black-speck scab/’ 
black scab," scurf," “black scurf," “russet scab," “Rhizoctonia rot" 
and “little potatoes," have been applied because of the tuber characters 
of affected plants, while “brown stem," “stem rot," “stem canker" and 
“ potato collar fungus " are names based on the nature of the stem attacks. 
Some other names suggested by secondary or accompanying symptoms 
have been used, such as “rosette," “leaf roll" and “aerial potato." 

History and Geographic Distribution. — The early history of Rhizoctonia diseases 
is somewhat confused by the failure of writers to distinguish the two common species 
which are now recognized as Rhizoctonia solani Kuhn and R. crocormn {Revs. ) DC. 
The latter species has been described in recent years under the name of R. medicaginis 
DC. or R. violacea Tul. and has been given more attention as a parasite of alfalfa, beets, 
carrots, etc., than as a potato pathogene. The common Rhizoctonia of the potato was 
first recognized by Klihn (1858), who described the disease of the potato which it 
caused, and gave it the name of R. solani. This was recognized as a potato parasite 
by later European pathologists, and the disease of the potato which it caused was 
described as Grind” by Sorauer and as ^^die Pockenkrankheit ” by Frank in 1895. 
The hrst American report of a disease due to Rhizoctonia solani was by Pammel (1891), 
but lie referred the beet rot fungus which he studied to R. betm Kiihn. Atkinson (1892- 
1895) studied a ^^sterile” fungus as the cause of “sore shin” in cotton and the damp- 
ing-off of other seedlings, but at the time did not recognize the form as Rhizoctonia. 
The ffrst report of Rhizoctonia on potato in America was by Duggar and Stewart 
(19-01). It was studied by Rolfs in Colorado (1902, 1904) and unusual importance 
attached to the disease in his two bulletins entitled “ Potato Failures.” He discovered 
the fruiting stage of the fungus, proved its relation to the subterranean mycelium and, 
based on the identification by Professor Burt, referred the parasite to Corticium vagum 
B. & C. var. solani Burt. This basidial stage had previously been recognized on 
potato stems by Prillieux and Delacroix (1891) in France and described as Hypochnus 
solani^ although at that time the connection with the potato Rhizoctonia was not sus- 
pected, Selby published studies on the “rosette disease ” of potatoes (1903) in which 
he stated that “the sterile fungus, Rhizoctonia, is indicated as the cause in the 
instances stated, by its constant presence/' but in the light of present information his 
conclusions were too hasty. 
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There is a x^oluminous literature on Rhizoctonia as the cause of disease of other 
hosts than the potato, and since the pioneer work already cited various American 
and foreign writers have dealt with various phases of the Rhizoctonia problem. 
Special mention may be made of the demonstration b}?" Gloyer of the ineifectiveness 
of formaldehyde for seed disinfection of Rhizoctonia-infected tubers (1913), the 
careful review of our knowledge concerning E. solani and R. crocorum by Duggar 
(1915), the general discussion of the ^‘Parasitic Rhizoctonias of America by Peltier” 
(1916) and the studies of Richards on the temperature relations of the disease (1921, 
1923). Morse, Shapovalov, Drayton, Ramsey, Giissow, Edson and others have made 
valuable contributions to our knowledge of the disease. 

E. solanij either on the potato or some of its other hosts, is known throughout the 
United States and Canada, South America and the West Indies, India, Japan, Aus- 
tralia and New Zealand, It seems to be prevalent to a greater or less extent wherever 
potatoes are grown. Evidence points to its occurrence in raw desert lands of the 
Pacific Northwest (Pratt, 1918). Cases are on record in which the first crop of 
potatoes grown from clean treated seed and planted on virgin soil showed 50 per cent 
of the tubers heavily spotted with sclerotia. For a time it was thought to cause the 
most serious potato disease of many sections, especially the more nortiiern regions, 
but this was due in part to the confusion of Rhizoctonia with virus disease symptoms. 
It seems to reach its greatest severity in the northern states and Canada from Maine 
to the Pacific Northwest. The reduction in yield from Riiizoctonia for 1922 was 
estimated by the Plant Disease Survey, U. S. Department of Agriculture, to vary from 
traces to 8 per cent with one state reporting 15 per cent loss. According to current 
estimates it is much less serious than mosaic and leaf roll. 

Symptoms and Eflfects.' — The grower is most familiar with the Rhizoc- 
tonia disease as the ^^dirt that will not wash off ’’ on the tubers, in the form 
of black particles of varying size. These black bodies or 'sderoiia are 
fungous structures which have been developed b}’' the parasite during the 
growing period. If tubers are washed to remove all soil particles the 
sclerotia become much more conspicuous and appear of a deeper brown 
or black color. This is the stage that has suggested the names of “black 
scurf/^ “black scab,^' “black speck'* or “black-speck >scab.** Under 
certain conditions smooth-skinned potatoes may show a roughened or 
checked condition designated as russet scab, which has been attributed to 
Rhizoctonia. A more severe and deeper scab somewhat resembling 
Actinomyces scab has also been attributed to Rhizoctonia, but most of 
the evidence of the causal relation to this condition is based on association 
rather than experimental proof (McAIpine, 1911). While the rotting of 
tubers is not a common phase of the disease, such effects have Ijeen note<I 
by various writers. This effect was described by Rolfs (1903) for seed 
tubers; McAIpine (1911) described a condition similar to late-blight rot 
which he thought was caused by Rhizoctonia; and more recently Shapo- 
valov (1922) has reported Rhizoctonia as “an important causative agency 
in bringing about the jelly type of decay of elongated stem ends of Bur- 
banks and Netted Gems in the Westd* Whether Rhizoctonia unaided by 
other agencies can cause open pits by the corrosion of the tissue is uncer- 
tain (Morae and Shapovalov, 1914; Ramsey, 1917), but it probably does 
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follow insect or other injuries and extend the pits or channels. There is 
little proof that the irregular and malformed tubers described by Morse 
and Shapovalov (1914) as an effect of the disease are really Rhizoctonia 
effects. 

If young sprouts of affected plants are examined early in the growing 
season, the stems below the surface of the ground will frequently exhibit 
elongated, reddish-brown or very dark lesions which are in marked con- 


Fig. 239. — Young potato plants showing lesions due to Ehizoctonia. 


trast to the whitish or slightly yellowish surfaces of the normal tissue. 
These lesions may extend for an inch or two along a stem on one side or 
the stems may be completely girdled. The amount of injury depends on 
the extent and penetration of the lesions. In some early attacks the first 
yoimg sprouts may be cut back or “burned off” by these lesions, and later 
crops of sprouts may suffer a like fate. In the extreme cases none of the 
sprouts are able to reach the surface, and missing hills result, but in many 
less severe attacks the later sprouts originating below a lesion, or directly 
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from the seed piece, reach the surface and produce nearly normal tops. If 
the lesion is slow in developing or infection takes place later in the growth 
period, the affected stems may show basal corrosion and drying which 
interfere with the normal life processes, although causing little reduction 
in size of the top. Lesions on stolons may interfere with the setting of 
tubers. The girdling of stems close to the surface of the soil may cause 
the production of aerial axillary tubers, but this is no diagnostic 


character for Rhizoctonia. Yellowing and rolling of leaves may also 
accompany severe Rhizoctonia attacks. 

It is not uncommon for the vegetative hodj^ of the causal fungus to 
develop in such profusion on the stems and roots as to make a conspicuous 
brown mantle of interlacing threads which can be readily detected when 
the affected parts are removed from the soil. This external mycelium 
may sometimes be very abundant without causing any definite lesions on 
roots, stolons or stems, while in other cases lesions may be quite evident 
and the fungous filaments relatively inconspicuous. 


Fig. 240. — Effects of Rhizoctoxua on potato plants. sterns cut off by the fiuigus; B, 
stem lesion and aerial tulxirs. (Pho^>grapE^ B, F. Dana.) 
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I rom early July and during the rest of the growing season while the 
tops are still green, the stems just above the ground level may be covered 
with an^ evident white, powdery crust, which looks to the naked eye 
almost like a chemical incrustation. This may be faint or very conspicu- 
ous and extend up the stem for several inches. Its presence is a certain 
indicator that the vegetative body of the parasite is already well estab- 


Fig. 241. — Corticium stage on stems and leaves of potato* 


lished on the underground organs. Its presence is no indicator, however, 
of the amount of damage from the disease. The author has seen this 
fruiting stage of the parasite in abundance, on a field of potatoes which 
gave a higher yield then the average fields of the vicinity. 

The injury from Rhizoctonia is exceedingly variable and has 
undoubtedly been overemphasized by many writers. Tubers which 
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show the sclerotia even in abundance are not really injured for table 
stock, but their value is lessened somewhat because of the disfiguring 


Fig. 242. — Potatoes slio\nng numerous sclerotia of average size. XP^otograph hy B. F. 

Dana,) 


Fig. 243. — Potatoes showing giant sclerotia of Hluzoctoma, {Photograph hg B, P. Dana.) 

effect. Sclerotia-bearing tubers are less valuable for seed stock, siace 
it is recognized that they may carry the disease into disease-free fields, 
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even thoiigh seed disinfection is practiced. Reports as to the amount 
of actual damage to the crop are quite conflicting for different sections of 
the country, and vary from almost complete crop failure to no appreciable 
reduction in the yield of table stock. In estimates of the damage from 
the disease too much importance has been attached to the abundance of 
the sclerotia on the tubers and too little to the real effect on yield. The 
number of sclerotia-bearing tubers and the number of sclerotia will 
vary with the soil moisture and soil temperatures and generally increase 
from maturity to digging time. An increase from 7.5 per cent on Aug. 
20 to 93.5 per cent on Oct. 13 has been recorded (Bisby et al, 1923). 
Under conditions in eastern Washington the writer has never been able 
to increase the yield of table stock by seed disinfection, even though 
heavily contaminated seed was used in all cases. In other localities 
very beneficial results have been claimed. Under conditions in which 
severe stem and sprout injuries characterize the disease, the crop may be 
expected to suffer reduction in both quantity and quality. 

The common Rhizoctonia disease of the potato is not to be confused 
with the violet Rhizoctonia (R, crocorum DC.), a trouble that has been 
noted on the potato in the Pacific Northwest and in Nebraska (Paris, 
1921). In this disease the tubers show a very conspicuous mantle of 
brownish- violet or violet mycelium and mycelial strands, ordinary sclero- 
tia and numerous microsclerotia (infection cushions). 

Etiology .“This disease is due to a simple basidiomycetous fungus, 
Corticium vagum B, & C., which in its sterile mycelial stage has been 
described under the name of Rhizoctonia soZam Ktihn. It has been clearly 
proved by pure culture inoculations that this parasite is able to form the 
characteristic stem or stolon lesions, and that it can induce a rotting of 
tubers. At times, however, the mycelium may be present in abundance 
on the surface of stems, roots and tubers, with little or no evidence of 
disturbance in the life of the host. It has been shown, however (Edson 
and Shapovalov, 1918), that 72. soZam* Kuhn is not the sole cause of the 
familiar stem lesions, but that various other soil fungi, acting independ- 
ently or in conjunction with Rhizoctonia strains, are also causally related. 
From the early work of Rolfs (1902, 1904), Selby (1903) and othem it 
seems that the diversity of the Rhizoctonia effects on the potato have 
been somewhat exaggerated. The widespread occurrence of R. solani 
and the reputation which it gained as a parasite led to erroneous conclu- 
sions which were based largely on the presence of the parasite. In some 
sections it is almost impossible to find potatoes that are free from the 
fungus, and in certain cases the effects of virus diseases have thus been 
attributed to Rhizoctonia on purely circumstantial evidence. Whether 
Rhizoctonia can act on the root system of the potato in the way suggested 
by Giissow (1917) seems somewhat doubtful. The author observed this 
killing of the absorbing roots, and the subsequent early death of the tops 
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Without the appearance of the characteristic stem lesions, and at first 
attributed the effects to Rhizoctonia, but later tests have shown that one 
of the virus diseases was the real cause, since all the symptoms were 
duplicated in carefully treated seed from hill selections in sterilized soil 
in which no trace of Rhizoctonia could be detected. It seems certain 
that leaf roll, mosaics, russet dwarf, witches’ broom and other degenera- 
tion diseases have been confused with the Rhizoctonia disease. There 
appears also an element of doubt as to the causal relation of Rhizoctonia 
to the pits as described by Ramsey (1917) from Maine material. This 





condition has also been noted in the Pacific Northwest, and while Rhizoc- 
toma has generally been found in the corroded tissue, the cysts described 
for potato pox havo also boon found. 

From evidence now in hand it seems that many of the secondaiy or 
accompanying symptoms are not, in reality, to be attributed to the action 
of the parasite, but to either environmental factors or to virus diseases of 

ItMZnotr; T ^ ^®“ribed 

1904), little pota- 

b aerial tubers, tubers but no top, irregular or branched tubers^ 
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deformed, split or cracked tubers, and grouping of tubers close around the 
stem. While Rhizoctonia may play a part in some of these effects, it is 
clearly a minor or secondary factor. 

Rhizoctonia may be present on the subterranean portions of the potato 
as a superficial mycelium or in the form of mycelial aggregates, or scleTo- 
tiUj while the sporulating or basidial stage develops upon the stem above 
the soil, on leaf petioles or leaflets close to the soil or sometimes on the 
surface of the soil. The young vegetative hyphse are colorless, vacuo- 
late, septate at intervals of 100 to 200jL£ and invariably show branches that 
are more or less constricted at their points of origin from the main axis. 
The hyphse soon become colored and then are evident as a web or weft of 
yellowish-brown or brown strands, frequently so abundant as to be 
evident to the naked eye, but sometimes so few as to require microscopic 
examination for their detection. The most mature hyphm are very 
dai'k, rather rigid, the cell walls thicker, the ceils of uniform diameter 
(8 to 12/i) and the branches arise generally at right angles to the main 
axes. In the organization of sclerotia denser tufted groups of hyphsc 
are formed mth profuse branching, shorter cells of irregular diameter, 
showing lobulated, elbowed or moniliform types. In the case of sclerotial 
formation this type of growth becomes still more compact. 

The sclerotia are produced most abundantly on the tubers and vary 
from minute cell groups barely visible to the naked eye to giant sclerotia 
an inch or more in diameter. They are rounded or irregular, more or less 
flattened, dark brown or almost black, smooth on the surface and are 
quite easily detached from the skin, which is not generally penetrated by 
any of the hypli^. Drayton (1915) has recorded the occurrence of sclero- 
tia within the cortical tissues of stem lesions and the penetration of the 
hyphse into the vascular bundles and pith cells. The most compact 
sclerotia appear in sections to be made up of closely grouped cells with 
few intercellular spaces, a pseudoparenchyma, but less dense sclerotia 
may show a spongy structure of short irregular '^bloated^^ cells with con- 
strictions at the cross-septa. 

Under suitable conditions of moisture the network of brown hyphse 
•which clothe the stem advance upwards around its base and form a felt- 
like mantle of white fruiting hyphae. Numerous branches produce typical 
basidia upon the surface of the mantle and a white, powdery appearance 
is characteristic of the mature sporulating condition. Each basidium 
produces four sterigmata, each of which produces a hyaline, elliptical or 
obovate basidiospore, 9 to 15 by 6 to 13 fx. This fruiting stage was 
described as Hypochnus solani by Prillieux and Delacroix (1891) and this 
name has been generally retained by European writers, who believe the 
fungus should be referred to the Hypocnaceae. American usage is based 
on the determination df Burt from the study of the potato collar fungus 
studied by Rolfs in Colorado (1903). 
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The abundance of the basidial stage is probably accountable for the 
widespread occurrence of the fungus. Potatoes grown from heavily 
infected seed have been noted with 70 per cent of all the hills showing the 
sporulating stem collars. The basidiospores are forcibly ab join ted from 
the sterigmata and are wind-disseminated. They are able to germinate at 
once and establish new mycelia either in the soil or in connection with 
other hosts. The parasite is also spread yqtj generally by the use of 
potato seed stock that is carrying numerous sclerotia. Under conditions 
favorable for the growth of the potato the overwintered sclerotia soon 
develop an active mycelium by the production of hyphse from many of their 
component cells. When an infected potato crop is harvested^ sclerotia. 
and also vegetative m^rcelia are left behind in the soil and are read}- to 
attack any susceptible crops that may follow on the same land. 

Predisposing Factors. — The most important factors infiiiencmg the 
severity of the Rhizoctonia disease of potatoes are the soil reaction, the 
fertility of the soil and the soil temperatures which prevail, especially 
during the early part of the growing period. 

R, solani makes its best growth on an acid or slightly alkaline medium 
and consequently seems to thrive best in acid soils. Its behavior is just 
the opposite of the common scab organisms, which develop l.)est in alka- 
line soils. Liming the soil for the correction of acidity has been reported 
to afford some relief, but it has not been uniformly suecessfuL . Fertilizers 
that increase the acidity of the soil — for example, acid phosphate — will 
make conditions more favorable for Rhizoctonia and have been i-eported 
to increase the per cent of infected tubers. In some cases the application 
of sulphur has increased’ the severity of Rhizoctonia, while in others no 
appreciable effect has been noted. liberal applications of barnyard 
manure have generall}?- given a reduction in the per cent of infected tubers. 
The prevalence of favorable soil temperatures is the most important 
factor influencing Rhizoctonia infection and injury. Richards (1921 ) has 
shown that: 

The greatest damage occurred between 15 and 2U, while IS® proved to he tl^e 
most favorable temperature for tissue destruction as well as for growing~])()int 
injury. beriou.s destruction of tissue resulted at 9®. The severity of attack 
decreased rapidly above 21® until at 24® CL vaguni proved to l)e of minor parasitic- 
importance. Few typical lesions occurred at or about 27®. 

This temperature relation will explain many of the conflicting results 
that have been obtained by different workers and will also explain why 
an early-planted crop generally suffers more from the disease than later 
plantings. The reason for greater injury to the early crop is apparentl}^, 
then, based on the cooler soil temperatures, which favor the growth of tlic 
parasite during the early growth of the crop. These conclusions have 
Ijcen substantiated by both greenhouse cultures and by field tests. In 


DISEASES DUE TO THE PALISADE FUNGI AND ALLIES 779 


practical application of these facts it may be noted that the temperatures 
which are most conducive to the Rhizoctonia injury are also the most 

favorable for the growth of the potato plant. 

Host Relations.— An enumeration of all the hosts of R. solani or its 
strains would be beyond the scope of this treatment. In addition to the 
potato, many other cultivated plants are susceptible and many of the 
common weeds of our fields and gardens are known to harbor the parasite. 
At least four general groups of symptoms may be recognized; (1) the 
damping-oflF of seedlings or of cuttings; (2) the stem rots or root rots, or the 
rotting of root crops; (3) the rotting or blighting of foliage; (4) the rotting 
ol fruits. R. solani ranks with Pythium debaryanum as an important 
agent of damping-off, and is probably more serious in this connection 
than as the cause of disease in older plants. The majority of the seedling 
hosts in which damping-off by Rhizoctonia has been studied belong to the 
Dicots, but some Monocts are known to be susceptible — the onion, for 
example — while coniferous seedlings frequently suffer severely. The 
damping-off by Rhizoctonia is not confined to seed beds, but is serious in 
both garden and field, as may be illustrated by the damping-off of beets 
and the sore shin of cotton. Damping-off of cuttings by Rhizoctonia in 
the propagating house is a phenomenon of frequent occurrence. 

Herbaceous stems or roots of various hosts may be affected in much 
the same way as the potato, while woody stems may sometimes be 
invaded. Beans, beets, carrots, carnation, eggplants, peas, radish and 
sweet potato are some of the more important adult herbaceous hosts. 
The author has found Rhizoctonia as the sole fungus in lesions on rasp- 
berry canes and on young pear trees. In fleshy roots like the beet, carrot 
or radish a crown rot has been noted in which the infection takes place at 
the bases of the leaves. 

The invasion of the foliage is not as frequent as the other phases of the 
disease. One illustration may be cited in the case of lettuce, in which the 
leaves of mature plants grown under glass were rotted, the inner and 
younger leaves completely, the outer or older leaves all except the midrib. 
In such a case the primary invasion was thi-ough leaves in contact with 
the soil. 

A number of eases have been studied of rotting of fruits due to Rhizoc- 
tonia. In beans grown on contaminated soil many pods in contact with 
the soil may be invaded during periods of moist or rainy weather. A rot 
of either green or ripe tomatoes is not uncommon and has been observed 
in numerous localities. The author has found it under even very dry 
conditions in Washington, and in such cases the Corticium stage has been 
developed on the side of the fruit in contact with the soil. The fruits of 
eggplants are sometimes severely rotted by Rhizoctonia, but these fruit 
attacks do not seem to be especially common. The author has also 
studied a rot of strawberries which was shown to be due to Rhizoctonia. 
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A portion of a field showing foliage symptoms of the disease and numerous 
cases of sporulation on the leaf petioles yielded numerous berries in con- 
tact with the soil that were rotted by Rhizioctonia as proved by cultures. 
These also showed the Corticium stage of the fungus on the surface. 

Prevention or Control. — No single practice will meet the needs of the 
potato grower, but several lines of procedure are available, and emphasis 
on these will probably vary in different environments. Seed selection, 
seed disinfection and cultural practices intended to avoid or lessen 
infection are all of value. 

1. Seed Selection, — ^The use of sclerotia-free seed stock lessens the 
chances of heavy infection and prevents the introduction of the parasite 
in large quantities into new fields. In some cases selection alone has 
given better results than seed disinfection, but in many environments 
seed disinfection is necessaiy because of other troubles. 

2. Seed Disinfection, — The common occurrence of Rhizoctonia and of 
other seed-borne troubles has led to the general practice of seed disinfec- 
tion (for details, see Potato Scab, p. 336). The standard cold corrosive 
sublimate, the hot corrosive sublimate and the hot formaldehyde ti’eat- 
ment have all been recommended. 

3. CidtuTol Practices, — Attention may be given to the following: (a) 
rotation to avoid contaminated soils, using non-susceptiblo crops, such 
as small grains or corn; (5) the avoidance of acid fertilizers, and the use of 
lime or manure, unless the prevalence of scab opposes it; (c) planting late 
enough to avoid the period of low temperatures especially favorable to 
the disease; and (d) harvesting as soon as mature to prevent the increase 
in the number of sclerotia by the tubers remaining in the ground when 
moisture and temperature conditions are favorable for the continued 
growth of the parasite. 

Selected, sclerotia-free seed treated by one of tlie standard methods 
and planted with due consideration to cultund corRroI may be expected 
to give the highest percentage of disease-free tubers that can be produced 
under the conditions which prevail. 
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SILVER LEAF 
Steretm. purpurmtm^ Pers. 

Silver leaf is a disease of plums, apples and other hosts in which silver- 
ing of the foliage is one of the common symptoms, although the real 
injury is due to the action of the parasite, Stereum piirpureimi, on the wood 
of branches or trunk, which causes death* of certain branches or of the 
entire tree. The disease is knowm in France as Plomb/' in Germany 
as ^‘Milchglanz,” in Holland as '^de loodglansziekte’' and in English- 
speaking countries as silver leaf, silver blight or silver disease. 

History.— The first observations on this disease were inaiie by Prillieiix (1885) in 
France, who noted the leaden or metallic luster of the leaves, and showed that it was 
due to the presence of air spaces between the epidermal culls and the palisade paren- 
chyma. The disease was noted by Sorauer in Germany (ISSih and was studied by 
Aderhold in 1895. All of these writers considered the disease to be of noii-parasitic 
character. 

The name ^'silver leaf W'as first applied to the disease by P(*reival (1902), who was 
the first to question its non-parasitic character. He showed that fungous hypha' were 
present in the wood of sih'cred trees, and proved by inoculations tliat S. purpureum 
could cause the silvering. Even as late as 1908 Dclaen>ix tloubted the (‘onelusions of 
Percival, and Massee (1910) reported that he ha<i been unable to confirm the findings 
of Percival, as have examined hundreds of diseased trees without finding a trace of 
the fungus, either on the surface or in the tissues.*’ The fungus was note<l by Black- 
more (1909) in New Zealand on trees killed by silver blight, but lie also appearcMl 
skeptical as to its parasitic relations. The results of Perea val wer<" <*onfirmed by the 
careful studies of Pickering (1006 and 1910) at the Wolmrn Experimental Fruit 
Farms, and by the work of Giissow in Canada (1910, 1911, 1912). Tht'se results have 
been fully substantiated by Brooks in a series of stmhes (1911 ; 1913, H; 191 ft 111; 1923, 
IV) in England, by Bintner in England (1919) and also by Putteriil in 8uuth Africa 
(1923). It has been brought out by seronxl workers that all silvering of foliage is not 
to be classed as a symptom of the attacks of S. parpiarum. This has fieen enqihasiziui 
by GlLssow, Brooks, Bintner, Petri (191h-291T) and others. In \ho light of the 
careful work done it would seem that scientific num should accept it as a pro^aM| fact 
that S. purpureufn, under certain conditions, is able to produce a diseased condition of 
various fruit trees and other hosts in which silvering of tite hiliage is a promiiumt 
.symptom. 

Geographic Distribution. — The disease has b<‘en noted on its various liosts in most 
of the countri(».s of continental Europe, and ha.sheen prominent in England, espfnn'ally 
on plums. It wa.s n^ported from New Zealand in 1009 and lias since been the subject 
of .study in that country by Cunningham (1922), who stabxs that tho disrxiso is general 
throughout their orchard areas. The disease was first report cil from Houth Afrit*a by 
Evans (1910-1911), and its preyalenee has iad to the publication of a bulletin 

from the Fnion of South Africa (PutteriO, 1923). Gfissow reportia! .silver loaf from 
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Canada in 1910 and later studies showed that it was present as an apple trouble from 
Nova Scotia to British Columbia. In the fall of 1923 the disease was found to be very 
prevalent in the Spokane Valley and some other parts of eastern Washington (Heald 
and Boyle) in apple orchards, and their studies led to the establishment of the fact 
that silver leaf had been recognized as causing loss in the upper Columbia country as 
early as 1916-“i917. Through correspondence with the pathologists of Minnesota, 
Wisconsin, Michigan, New York and Maine, the information has been gained that 
silver leaf of the apple has been noted in those states in recent years and that in many 
of the cases S. purpureum has appeared on the affected trees. Apparently, no special 
studies of the trouble have been made in those states, as pathologists were considering 
the silvering of the foliage and the appearance of Stereum as the aftereffect of winter 
injury. S. piirpimum, according to Burt ( 1920 ), has been collected in the states of 
Maine, Vermont, Massachusetts, Connecticut, New York, Pennsylvania, Delaware, 
Ohio, Indiana, Wisconsin, Minnesota, Montana, Wyoming, Idaho, Washington and 
Oregon. It is also recorded from South America. From the geographical distribution 
of the fungus it would seem to have a wider range than the disease for which it is 
thought to be responsible. This suggests the possible occurrence of physiological 
strains of different virulence, although Brooks ( 1923 ) has found no evidence of such 
behavior in England. 

Symptoms and Effects. — -The onset of the silver-leaf disease is some- 
what obscure, but the following symptoms may be noted: 

The characteristically silvered foliage, which has a dull leaden or 
metallic luster, in marked contrast to the normal green of a healthy tree. 
This silveiy color is due to the slight separation of the upper epidermis 
from the underlying green tissue of the leaf, so that air is admitted, which 
interferes with the normal reflection of the light. In typical silvered 
leaves the upper epidermis can be peeled away in places, leaving the iinder- 
I^dng green tissue exposed. The cells of the mesophyll are easily sepa- 
rated, being held together so loosely that they frequently fall apart when 
sections are cut for microscopic study. The absence of silvering does not 
necessarily indicate freedom from the disease, since it may be present 
and cause no production of silvery foliage whatever. 

The brown or dark discoloration of the heartwood of infected parts of 
the branches, trunk or roots is a very characteristic feature. The fungus 
causing the disease is located in this discolored wood, which is frequently 
some distance from the branches showing the silvering. The amount of 
the discoloration varies from a small area to nearly the entire cross-sec- 
tion. It occurs in continuous streaks, or zones, from the center of 
infection, spreading more rapidly upward than downward. Branches 
showing the discolored heartwood, if stood, in water for 48 hours, cause a 
pronounced discoloration of the water, or blocks of the discolored wood, if 
placed in a moist chamber, will show a white, cottony growth of the fun- 
gus coming from the cut surface. The latter is a more certain test of the 
presence of silver leaf than the discoloration of the water. 

Infection with silver leaf is almost invariably followed by the death of 
the branch or, if allowed to run its course, by the death of the entire tree. 
Silvered branches may die either the same season or after one to several 
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seasons. The rapidity of advance of the disease appears to depend upon 
both internal and external factors, and varies with different trees and in 
different locations. Trees in which the disease is well advanced, espe- 
cially if the fungus has entered the main trunk, frequently show an abnor- 


'Cross-sections of apple limbs with darkened heart wood indicating the presence 
of the silver-leaf fungus. 


Fio. 246. — Cross-sections of apple limbs affected with silver leaf showing the surface 
growth of the mycelium of hermm purpureum as produced in a moist chamber. 

mal production of suckers around the base of the tree or below the zone of 
attack. 

Previous to the. death of infected parte, there will be a general decline 
in vigor either of particular limbs or of the entire tree, and when the 
affected parte are dead, the fruiting bodies of the fungus will begin to make 
their appearance upon the surface of the bark. TOen the fungus has 
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completely permeated the sap wood as well as the heartwood, it grows out 
into the bark and forms these fruiting bodies which appear at first flat or 
completely prostrate, circular or irregular in form, and with a faintly 
purple color. Under conditions of dryness, these ’fruiting bodies may 
make no further development, but with a plentiful supply of moisture 
they will increase in size and become more or less raised or shelf-like and 
irregularly lobed, while the purple color of the spore-bearing surface 
becomes more pronounced, but finally with age assumes a dingy 
appearance. 

In certain environments these fruiting bodies are very abundant, 
while in others they appear but rarely, and trees may apparently be killed 
without the fruits ever making their appearance. 

Etiology. — The true silver-leaf disease is caused by a simple basidio- 
mycetous fungus, Stereum purpureum Pers. This fungus was first 
described by Persoon in 1794 as Thelephora purpurea^ hni was never con- 
sidered to have parasitic possibilities until the relation to silver leaf was 
first demonstrated by Percival (1902). Recently Burt (1920) has recog- 
nized the forms bearing hymenial cystidia as S, rugosiuscidum, but 
Brooks and Storey (1923) state that 

There seems to be every possible intergrade between forms possessing many 
hjanenial cystidia and forms devoid of them. Forms which would be included 
under the name of S, rugosiusculum hj Burt have as readily induced silver-leaf 
disease as S, purpureum in the narrow sense. We consider that there is no real 
distinction between these forms. 

The proof of parasitism is based on the reproduction of the disease by 
inoculations made in various ways, using either field specimens of the 
fungus or pure cultures. Stereum is a wound parasite, the principal 
avenue of entrance being the pruning wounds which have been left 
unprotected. Suspensions of spores applied to either fresh or old prun- 
ing wounds have communicated the disease, while pure cultux’es of the 
mycelium or pieces of sporophores inserted under the bark have given 
successful inoculations. Brooks (1919) reports successful inoculations 
by pinning a fresh sporophore on the cut end of a branch and enclosing 
the end and sporophore in a glass capsule to provide a moist atmosphere. 
.The suggestion by Smolak (1915) that bacteria may be the cause of the 
disease has never been substantiated. 

Following an infection, the mycelium grows at first in the heart wood, 
advancing more I’apidly upward than downward, but original infection 
may be through the sapwood also. The mycelium grows in the vessels, 
and in hosts like plum or apple causes a pronounced browning of the 
affected tissues due to the accumulation of gummy substances. The 
silvering of the foliage follows and is the result of the presence of 
the fungus in the wood at some distant point. There is no indication of 
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the parasite in the silvered foliage and all attempts to produce infection 
through the leaves have failed. The silvery appearance is the result of a 
structural change in the leaf, as noted under Symptoms, due to some 
physiological disturbance -that is transmitted from the seat of infection 
apparently along the path of the ascending transpiration stream. “ Such 
a disturbance in the transpiration current may either directly bring about 
the change or indirectly do so by liberating some other substances in the 
cells of the leaves to which the change is immediately due” (Brooks, 


Fig. 347. — Coramoa reaupinate tyiJo of sporophoros of Slen-uin purpurettm. 


1919). The mycelium may extend for a long distance in the heartwood 
without being able to attack and kill the sapwood, and in cases of natural 
recovery the new sapwood is formed faster than it is invaded and 
apparently in some cases the mycelium may die out completely. In 
infections of some standing the mycelium is most active in a zone 
bordering on the sapwood and when sections of wood are kept moist 
the cottony grovith of the fungus soon becomes evident upon the 
surface. In older infections the mycelium may be practically dead in 
the center of the heartwood. The killing effect of the parasite is the 
result of the successful mvasion of sapwood and bark. It is only then 



DISEASES DUE TO THE PALISADE FUNGI AND ALLIES 787 

that the sporophores of the fungus make their appearance, and even 
then their development will depend upon the supply of moisture, and 
other favorable factors. Cases of serious damage have been observed 
when no sporophores followed. This is a behavior which appears also 
to be true for other wood-destroying fungi. 

The sporophores of the silver-leaf fungus are exceedingly variable 
in size and form. Sometimes they appear as small, more or less circular, 
resupinate bodies only inch or slightly more in diameter, or these may 
become confluent to form extended resupinate fruits, but there are all 
gradations between this type and densely imbricated, shelving sporo- 
phores, up to those 1 inch or over in diameter. The densely imbricated 


Fig. 248. — Sporophores of Stereum purpureum developing in the crevices of rough bark. 

types are generally found at the base of a tree trunk, close to the ground, 
and in many cases this is the only location in which they appear. In 
humid atmospheres the fruits may be well developed even on small 
branches high up in the tree. The form and the size of the sporophores 
seem to be dependent very largely on the moisture factor. A typical 
fructification shows a faint purple tinge to its smooth basidial surface, 
and in the imbricated or shelving forms the upper side is villose-tomentose 
and buff to grayish. The color of the hymenium varies from a faint purple 
to a very dark purple, the deeper colors appearing especially during the 
periods of low temperatures. Basidia, each bearing four hyaline spores, 
5 to 7 by 2.0 to 3ju, are mingled with sterile basidia, and in certain forms 
slender tapering hairs or cystidia extend to a higher level than the basidia. 
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■Imbricated bracket forms of sporophores of Shremn purpurcum from the base 
of the trunk of an apple tree just above the ground line* 


Pyriform or subglobose, vesicular bodies, 15 to 30 by 10 to 25ju, are found 
in the loosely interwoven subhymenial region. Fresh sporophores are 
soft leathery, but become rigid on diying. The sporophores do not 
confine their development to standing trees that have been killed by 
invading mycelium, but they will continue to develop on logs or wood 
cut from infected trees. In numerous cases a profuse development has 
been noted in wood piles, the sporophores appearing on the lower sticks 
or on those in contact with the moist soil. The fruits will also develop in 
profusion from the cut end of stumps that have been cut close to the 
ground. The fungus grows well in the base of the trunk and roots and in 


some cases the fruits may even be formed on the surface of the soil a few 
inches from any host tissue. While infection through the root vsystem 
is possible, it seems probable that the majority of natural infections are 
through aerial parts. 

The basidiospores are forcibly detached from their sterimata, and 
are carried by the wind to new locations. This is apparently the main 
means of dissemination of the parasite, and by this method the disease 
may be spread throughout an orchard if sporophores are allowed to 
develop, or the parasite may be brought into an orchard that is free from 
the disease by wind-borne spoM which originate in other orchards or 
from sporophores produced on other wild or cultivated hosts. 
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Silvering of foliage has been frequently reported by workers in various 
countries, but in many cases the reports are based on superficial observa- 
tion. It seems conclusively proved that S. purpurewn is one of the causes 
of silvering of foliage, but that quite similar phenomena may be produced 
by other factors. There is some evidence that apples or prunes affected 
by winter injury will show extensive silvering of foliage the following 
season. Silvery symptoms are more or less variable and certain changes 
in leaves due to the work of insects may in some cases have been mistaken 
for silvering due to Stereum. The presence or absence of silvering of the 
foliage and the kind of silvering should not be given too much importance, 
but rather judgment should be based on the occurrence of the sporo- 
phores or the demonstration of the internal mycelium. Bintner (1919) 
has distinguished tme silver leaf and /aZsc silver leaf, the former due to S. 
purpiireuni, the later to some other cause and showing diff'erent structural 
changes than in true silver leaf. It seems, however, from the work of 
others that the separation- cannot be made on the basis of structural 
characters, since identical changes may be induced by factors other than 
Stereum. Petri (1916-1917) has described several types of silvering 
not due to 8. purpureum: (1) in Viburnum tinus, due to the separation of 
the cuticle from the epidermal wall; (2) in Euonymus europece, to the 
separation of the cutinized stratum of the epidermal wall from the pecto- 
cellulose lamellsc of the wall and to the disappearance of the chlorophyll 
from the external part of the palisade parenchyma, - and (3) in the peach, 
from the abnormal accumulation of crystals of calcium oxalate in the 
epidermal cells. 

Host Relations. — Silver leaf is most serious on certain plum varieties 
and some apples, .but has been noted on cherries, apricots, almonds, 
peaches, pears and quinces and also on currants, gooseberries, roses and 
many other hosts of less economic importance. The fact that S, pur-^ 
pureuni grows on various cultivated or wild trees, such as willow, poplar, 
birch, beech, alder, sycamore and maple, and fruits abundantly on the 
dead wood of these species, makes its eradication from an environment 
practically impossible. It has also been proved that the fungus from 
these hosts will readily infect plum trees, and this probably holds good 
for other fruit varieties. • 

There are great differences in the susceptibility of the various plum 
varieties. In England, the Victoria and the Czar are the most suscep- 
tible, but many other varieties, such as Early Rivers, Ponds^ Seedling, 
Monarch, Gisborne, Transparent Gage, Purple Gage, Green Gage, Per** 
shore, Damsons, Belgian Purple, Wales, Oullins, Flemish, Orleans and 
Washington, are moderately susceptible, or somewhat resistant. Brooks 
(1923) points out that resistance in the Pershore is due to the rapid forma- 
tion in the wood of a gum barrier which prevents the advance of the myce- 
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Hum, and he expresses the opinion, that this sudden gum . formation is 
responsible for the almost complete immunity of the pear. 

In recent years silver leaf has assumed more importance as an apple 
disease. In England two varieties 

, . . have shown special susceptibility to silver-leaf disease, and under certain 
conditions appear as liable to attack as is the Victoria plum. These are Newton 
Wonder and Early Victoria (Emmeth Early). In these varieties the disease is 
often rapidly fatal. The varieties Lord Grosvenor, Grenadier, Lord Suffield, 
Blenheim Orange and Bramley's Seedling are moderately susceptible, but there is 
usually a prolonged struggle between host and parasite, and with Bramley’s 
Seedling complete recovery is likely (Brooks, 1923). 

Silver leaf seems to be prevalent in Canada in the main as a disease of 
the apple (Giissow 1910, 1911, 1912) and more recently in eastern IVash- 
ington (Heald and Boyle, 1923). In this region it has been veiy common 
on the Wagener and but less severe on other varieties like Jonathans, 
Romes and Delicious. In New Zealand it is estimated to cause about 1 
per cent loss in apple orchards, and a loss well over 10 per cent in apricots, 
peaches and plums (Cunningham, 1922). 

A few cases of natural infection of the pear have been recorded but 
^bit seems unlikely that pear trees will become at all susceptible to silver- 
leaf disease, for innumerable inoculations of different varieties have been 
performed, all of wMch have been unsiiecessful’^ (Brooks, 1922). 

The disease is rare on sweet cherries, but sometimes quite severe on 
sour cherries. 

Predisposing Factors. — No exact analysis of the climatic eonditions 
most favorable for the disease has been made, but it siiould be significant 
that it has caused the most injuiy in England, From this it may be 
assumed that abundant precipitation and moderate temperatures are very 
favorable. It seems certain that under these eonditions the maximum of 
sporophore formation occurs, which wmiild therefore give tlie greatest 
prevalence of spores. The question of the effect of winter injury to trees 
in relation to their susceptibility seems never to have been eonsidere<i in 
Plngland. It is a significant fact that in CLanada and the Paca'fie North- 
west, where the disease has been especially studied, winter injury is com- 
mon. It seems probable that those trees which have had their vitality’- 
lowered by severe winter conditions are mucli more likely to suffer from 
the inroads of the silver-leaf fungus. In this connection it is of interest to 
note that in the Worthing district in England, where peaches are grown 
under glass, and the possibility of winter injury eliminated, silver leaf is 
the most serious disease that the grower has to contend with. Recent 
observations in Washington have suggested that mild, open winters, with 
continuous periods when it was not cold enough to freeze the ground at 
night, were especially favorable. At such times the sporophores have 
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been produced in abundance, and exposed pruning wounds have been kept 
moist throughout the day. 

Since S.purpureuin is recognized as a wound parasite, it is important 
to note the most frequent avenues of entrance. Pruning wounds, grafting 
wounds, sun-scald or winter-injury cankers are probably of most impor- 
tance, but any open wound is a danger spot when S. purpuveum is preva- 
lent. These are frequently left without treatment or unprotected and in 
some cases excessive pruning has been practiced. In cases that are not too 
far advanced, the exact wound through which infection occurred can be 
located. In the Spokane Valley the infection of apple trees became very 
widespread several seasons after a general pruning campaign which 
resulted in the removal of many large scaffold limbs. Cases have also 
been noted in which very general infection followed the severe heading 
back of apple trees which were to be grafted to a more desirable variety. 
In all of these cases no protection was offered to these large pruning 
wounds, with the result that maximum infection occurred. 

Control Practices. — Since natural recovery seems to be a possibility 
under certain conditions, it would seem that any practices which would 
keep the tree in an active growing condition would help in the contest 
between host and parasite. No very definite data are available on the 
exact effect of soil fertility, or irrigation practices, etc., in assisting recov- 
ery, but good cultural methods, an ample water supply and a fertile soil 
should aid in the struggle. Some claims have been made of the value of 
special treatments, such as the application of ferrous sulphate to the soil, 
or the injection of dyes or other chemicals into the wood of affected trees, 
but nothing of promise along this line has been recorded. 

Since there is no reliable or certain cure for trees affected with silver 
leaf, the control practices must be in the nature of surgical treatment or 
sanitaiy measures which are designed to prevent the advance of the dis- 
ease in a tree already infected, or to guard against the spread of the dis- 
ease to healthy trees. The following control measures should be followed : 

1. Remove all branches, entire trees or old stumps which show the 
fruiting bodies of the silver-leaf fungus. Buim at once all parts that are 
not to be utilized for wood. Wood should not be left in the orchard or 
exposed to the rains, but should be put under cover where it will be kept 
diy, since the fruiting bodies will continue to produce spores if infected 
material is left in the open and with sufficient moisture new fruiting 
bodies would probably be developed from the old, infected wood. It is 
really preferable to burn all wood which shows the fruiting bodies at once, 
since considerable spore production may take place before such material 
is really removed from the orchard. In removing entire trees, these 
should be pulled, if possible, so as to remove the roots, since they are 
penetrated by the fungus and will give rise to new fruiting bodies if left 
exposed. If it is not feasible to pull the trees, the trunks should be cut 
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very close to the ground, and in such cases it would be advisable either to 
burn the small brush over the stump or to coat the exposed parts with 

Bordeaux paste or paint, and then cover with soil for a depth of 4 to fi 
inches. t' w u 

2. Remove and burn all branches showing typically silvered foliage 
Ihese branches should be cut back beyond the parts showing the brown 
heartwood. It should be noted that the actual seat of the fungus is 
frequently some distance back of the silvered foliage in a large branch or 
even in the mam trunk of the tree. If the blackened heartwood extends 
into the mam axis, the tree is doomed and should be pulled or cut out 

measure 1. If the cutting-out operation cannot be carried out 
when the silvering shows upon the foliage, such affected branches should 
be marked for later attention. It is better, however, to do the cutting 
early when the silvered parts are readily visible than to wait until late fall' 
for the fruits of the fungus begin to appear in the earlv fall if there has 
been sufheient rain. 

3. Allow no dead wood of any kind to remain in orchard trees This 
should always be removed, since the silver-leaf fungu.s i.s likelv to estab- 
lish Itself upon any dead branches which have been killed by other agents. 
Smee the silver-leaf fungus is able to grow on other hosts than orchard 
trees, ornamental shrubs and shade trees should be watched, and in regions 
affected with silver leaf the same care should be followed in handling these 
trees as in handling the orchard trees. The di.scarded or neglected orchard 
IS a menace to surrounding well-cared-for orchards, and .should be watched 
for the occurrence of the silver-leaf disease. 

4 In pruning, the cuts should be made cln.se to the main axis and as 
ynooth as possible. Any projecting stubs or rough surfaces mav leave 
dead wood tin ough which an mfection can take place. Pruning wounds 
on everything but the veiy small branches should be protected immedi- 

1 POf Mity of infections. Many different mate- 

lals ha\c_been recommended for the protection of priming wounds, such 
M Rad paint grafting wax, asphaltum paint, coal tar or Bordeaux paint 
( idmary lead paint does not give good results and should not be used 

coal tor 0 ^^?"" should lie given to either 

coal tar or Bordeaux paint. Either one of the.so preparation.s may bo 

manufacture of gas, and can be obtained at a very reasonable rate Bor- 

pSpiaSs: 

pop“n<l“o uZa •“ »' ‘'S' 
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Hold preparations a and b separate and mix equal parts of each for use. 
If preferable, commerical Bordeaux in the form of dust or paste can be 
diluted with water or with boiled linseed oil to make a smooth paint. 
Oil Bordeaux, which has recently come on the market (Hood River Spray 
Co.), is reputed to have a more lasting antiseptic value than the 
common preparations. 

Since the silver-leaf fungus enters through all kinds of wounds, .pains 
should be taken when cultivating or plowing to avoid making wounds on 
the trunk or large roots. Grafting wounds, breaks made during picking 
or branches broken from the weight of fruit should be given the same 
treatment as recommended for pruning wounds. 

5. Since the open wounds of cankers are a constant place for infections, 
all dead bark and wood should be removed from these lesioDs on the 
trunk, crotches and larger limbs. The operation should not be delayed 
until the bark is cracked and shredded or the wood is exposed, since at 
that time infection may already have taken place. In treating cankers it 
is important to remove all the dead bark, and if underlying wood is rotted 
or discolored, it should also be removed. To facilitate healing, the cut in 
the bark should be smooth and at right angles to the surface of the bark. 
The form of the excision should be pointed both above and below, rather 
than square or rounded. The exposed surfaces made in cutting out the 
cankers should also be treated at once with either coal tar or the Bordeaux 
paint. If the grower wishes to do a slightly better job, in a slightly differ- 
ent manner: first, cover the exposed edge of the bark and cambium and 
the edge of the sap wood with a coat of asphaltum-paraffin composed of 
eight parts of asphaltum and two parts of paraffin, applied while still 
warm; following the addition of this eoating, the central exposed wood 
may be coated with either the Bordeaux paste or coal tar. In treating 
pruning wounds or cankers, coal tar has one disadvantage, since in time 
the protected* surface checks or cracks, leaving openings through which 
infection may take place. The same is true in the case of surfaces treated 
with Bordeaux paint, but the presence of the copper which may be 
gradually dissolved in the moisture of the cut surface provides a more 
persisting antiseptic surface. With the use of either Bordeaux or tar, 
large wounds should be watched and given new treatment whenever it 
seems necessary. 
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THE MUSHROOM ROOT ROT 
Armillaria mellea {\"ah].) Sacc. 

The mushroom root rot is a disease which affects various coniferous 
trees, many broad-leaved forest trees, various fruit trees, the grape, the 
bush fruits and various wild or cultivated shrubs, causing a rotting of the 
bark and wood of the roots and crowm followed by death of the host. It 
has been designated as the shoestring-fungus rot, Anniliaria root rot, 
crown rot, rhizomorphic root rot, toadstool disease, and on coniferous 
trees the name resin or resin glut^*' is sometimes applied. The 
causal fungus is generally referred to as the ^ 'honey agaric,” the "oak 
fungus” or the "shoestring fungus.” The German names are "Honig- 
schwamm,” "Honigpik” and "Halllmasch;” the French, "pourridie” 
and "maladie des racines.” 


History and GeograpMc Distfibntloii. — ^Although the causa! fungus was described 
in 1777 as Agarims nmllem by ¥ahl, It was not until many years later that it was 
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recognized as a parasitic form. Much of our early knowledge of this disease comes 
from the investigations of Robert Hartig (1874, 1878), who has been called the father 
of forest pathology. The first studies showed the disease to be very important in the 
forests of Germany on the various coniferous trees, and Hartig claimed that A, 
mete was also parasitic upon Prunus avium and P. domestica, but saprophytic on 
other trees and contributed to the disintegration of the timber from various species* 
Hartig first showed the genetic connection between the rhizomorphs which had been 
known as Ehizomorfha suUerranea Pers. and R. suhcorticalis Pers. and the sporophores 
of Agaricus 7nelleus, Previous to his work these peculiar structures had been believed 
to belong to entirely separate and distinct species of fungi. Wliile De Bary, Brefeld 
and others contributed to our knowledge of this disease, the work of Hartig is of the 
most outstanding importance. Importance was attached to A. mellea as a cause of 
root rot of the grape by Dufour (1886) and by Schnetzler (1886), and according to 
Scribner (1890) was first discovered on this host in America in 1887 by Viala, who 
found it in Missouri, Texas and California. The mushroom root rot assumed impor- 
tance as a prune disease in the Pacific Northwest and was studied by Piper and Fletcher 
(1903). Later work by Lawrence (1910) showed that it was serious on various fruit 
trees and on blackberries and raspberries, especially in the Puget Sound country. It 
was given special consideration as a disease of citrus trees in California by Horne (1912 
and later) and of various hosts in Oregon by Barss (1913). Previous to this time a 
very similar trouble, now believed by some to be identical, was studied by Wilcox 
(1901) in Oklahoma and adjacent territory under the name of a ^'Rhizomorphic root 
rot of fruit trees,'’ but it was attributed to Cliiocyhe parasitica n. sp. The prevalence 
of the disease in the central Mississippi had lead Von Schrenk and Hedgcock to a 
study of the trouble at about the same time. It is of interest to note that Armillaria 
root rot was studied in Australia in 1910 (Johnson) and in recent times has been given 
attention from the standpoint of control (Birmingham and Stokes, 1921). The disease 
continued to attract the attention of plant pathologists in European countries, mainly, 
however, as a forest-tree disease. Important contributions have been made by Cieslar 
(1896), Bolie (1913), Hey (1914), Voglino (1917) and Falck and Blatz (1918). While 
main consideration of the disease in the United States has been focused on its attack on 
fruit trees, Long (1914) has studied it as the cause of death of chestnuts and oaks. One 
of the most recent studies was made possible by Hiley (1919) through a special grant 
from the British Board of Agriculture and Fisheries for the study of the larch canker, 
Dasyschypha. 

ArmillaHa mellea was reported as causing a field rot of potatoes in Australia (1910), 
and was noted on the same host in Washington in 1912 (Bailey, 1914). It has since 
been reported on the potato in other western localities, also in Michigan and other 
eastern states. 

From the above consideration it will be seen that Armillaria root rot is a disease of 
considerable importance in European countries, Australia, Japan and the United 
States. It is not mentioned in a recent list of South African diseases. In the United 
States it has attracted the most attention west of the Rocky Mountains in California, 
Oregon and Washington, and in the central Mississippi Valley, although it is not 
unknown in other sections. 

Symptoms and Effects. — The first external symptonas of the disease 
are the decline in vigor and retarded growth of the plant as a whole or 
of certain branches. Leaves may remain undersize and scanty, turn 
yellow and fall prematurely, and branches may die back. A debilitated 
condition of this sort is not diagnostic for Armillaria root rot, but may 
follow other fungous troubles (e.g., silver leaf {Stereum purpureum), bac- 
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terial collar rot {B. amylovorus) or collar rot due to winter injury). In 
coniferous trees there may be an abnormal exudation of resin (reknosis) 
from the base of the tree, and “sometimes the quantity of this substance 
excreted is so great that the fallen needles, twigs and soil around the 
base of the trunk become compacted into a hard adherent crust” (Hiley 
1919). Ihis resinosis is sometimes the first external symptom in conif- 
erous trees, but browning and dropping of the needle leaves may be 
expected to follow. In stone and citrus fruits more or less gummosis 
may accompany the attack. 

Trees or other hosts showing the symptoms outlined should be exam- 
ined for diagnostic indicators. The soil should be dug away from the 



•Ehizomorphs and young sporophores of Armillaria mdku. (.Photonmph h„ 

a, U. Whetzd;) . , 


crown and large roots and a search made for; (1) areas of decayed bark 

or wood; (2) somewhat fan-shaped, felt-like growths of white inycelium 

which spiead out between the wood and bark or within the Lark in 

decayed parts; (3) shiny, dark-brown or black, root-like or cord-liko 

strands the rhimnorphs, to 2 inch in diameter, which run over 

the surface of the crown or roots in a branched or anastomosing system 

ramify between the bark and wood of old lesions or extend through the 

soil for some distance from the affected parts. While the mycelial char- 

acter is_ quite di^stinctive, the detection of the rhizomorphs is unmistak- 

r ble evidence oi the true nature of the disease (Pig. 1 15). The later 

tTn^r f +* 1 ^® characteristio groups of honey-colored toadstools around 

mrthr .T presence of 

mush oom root rot. The fruiting bodies do not always appear, and are 

generally not m evidence mtd the host is dead or in the last stages 
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of decline, hence main reliance in diagnosing the disease .can be placed 
on the presence or absence of rhizomorphs. 

The injury from mushroom root rot will vary somewhat with the 
location of the zone of attack, and the rapidity of advance of the 
disintegration of bark and wood. A susceptible host once infected is 
doomed unless the parasite can be removed or checked in its advance. 
On some hosts the progress of the disease is very rapid, and fatal results 
follow the same season or the season following the initial infection, while 
in other cases (older forest trees) the tree may make a hopeless struggle 
through a period of years in a crippled condition. The disease may 
cause injury by: (1) the localized attacks on roots, followed by their 
death and the indirect effects of this root loss on aerial structures; (2) 
the partial or complete girdling at the crown, causing a physiological 
separation of remaining healthy roots and aerial parts or very seriously 
interfering with the movements of both crude and elaborated sap, ending 
in death of the tree; and (3) the reduced surface extent of the foliage, 
stunted and poorly matured fruits, and very scanty growth during the 
progress of the disease. 

In orchards or in pure stands of timber the affected trees generally 
appear in spots or groups, and these if watched will be seen to increase 
in size as more trees become affected, the disease spreading from the 
original center of infection. Where the disease is of long standing and 
many foci exist, the affected areas may merge more or less, thus obscuring 
the points of origin. Some idea of the amount of damage in prune 
orchards may be gained from the progress of the disease through a period 
of years, as shown by the appended tabulation (Piper and Fletcher, 1903). 


Orchard No. 1 : 1053 trees . 

Orchard No. 

2: 5000 trees 

Year 

Number dead trees 

Year 

! ■ ' ' , 

Number dead trees 

1895 

' ' 6 

1898. . ;. . 

Disease evident 

1896 


1900 . . . ... ....... . 

300 

1807 

'' '.40- ' 

1901 

' ■ 300V,v 

1898 

:;64'V O':.' 

154: 

1902 


1899 


1900 

I MBNA I- 



1901 

117 



Yotal 

583 

Total 

850 




The explanation for this heavy loss is the fact that the prune orchards ' 
were planted on cleared land on which the native growth had been affected 
by the root rot. In Oklahoma the distribution of the ^'rhizomorphic 
root rot of fruit trees'’ followed the location of the timber belts (Wilcox, 
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1901). In Europe essentially the same relation has been noted in success- 
ions of forest trees, the infection becoming epiphytotic, especially when 
conifers follow broad-leaved trees. According to Hiley (1919), more 
trees die in Europe from the attacks of Armillaria than from any other 
parasite. In almond and citrus orchards in California it is noted 
that the centers of infection frequently coincide with places where oak 
trees formerly stood, the fungus spreading to the fruit trees from the 
remains of the old oak stumps or roots. 

Etiology. — The mushroom, root rot is due to ArfnUkma mellea (Vahl.) 
Sacc., a common and widely distributed gill fungus, which produces 
sporophores of the Agaricus or -toadstool type. I'liis fungus is able to 
lead a saprophytic existence on stumps and roots of dead trees, but under 
favorable conditions it becomes a serious wound parasite. Some observa- 
tions and experiments have led to the conclusion that this pathogene can- 
not enter the normal unbroken tissues of roots or crown of some hosts, 
the healthy bark serving asnn effective ■ barrier, while there is evidence 
that in the case of potatoes, roots of .citrus, etc., the rhizomorphs may 
penetrate directly into healthy tissue. ■ It has, however, been shown that 
wounds are readil}?* penetrated and also that dead roots are easily entered 
by the rhizomorphs. This peculiarity of the fungus will explain the 
increased severity of the disease when trees are suffering from unfavorable 
environmental factors which lead to localized root killing, llile}" (1919) 
offers this absence of dead roots as the explanation for tlie fact that larch 
woods remain practically free from infection until they reach an age of 
more than 15 years. 

This fungus has no eonidial stage, and relies entire!}' on the rkizo- 
morphSy and the basidiospm'eB produced in enormous numbers by the 
sporophores, for its dissemination. Two types of rhizomorphs are formed . 
subcortical and free or superficial The former replaces tlie felted myce- 
lium between the bark and wood, when the tree is dead and the bark 
becomes loosened, and consists of flattened wliitisli strands, which become 
colored when the separation of the bark exposes tliem to the air. They 
branch more profusely than tlie free rhizomorphs and somel)rane]ies enter 
the host tissue, especially through the medullary rays. The free or sul,)- 
terranean strands or rhisomorphs are roumled instead of flat and 
consist of a brown cortex of closely compacted fungous tissue enclosing a 
central medulla of hyaline hyphin arranged in longitudinal rows, Tlie 
relative amount of cortex and medulla is varialile, the fonner becoming 
thicker with age. These rhizomorphs have an apical growing region by 
the activity of which they advance through the soil or over the surface of 
the host, and lateral branches may originate from the inner cortex and also 
advance by an apical growth. At the apical region there is an external 
coating of loose hyph© embedded in a gelatinous layer, but this disap- 
pears on the older parts. 
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Fig. 252. — Group of nearly mature sporophores of Armillaria mellea, {Afier Neger,) 

generally appear around the trunk of the host close to the ground level, 
but in some cases may arise 6 feet or more up a trunk as in the Scotch or 


The sporophores are produced in groups c 
growing either from rhizomorphs or from cort 


Fig. 251. — Rhizomorphs of Armillaria mellea between the bark and wood of larch stem. 

(After Hiley.) 
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Austrian pines. These sporophores are found mainly during the few 
months of the year preceding the frosts of winter (September, October, 
November), but occasionally at other times (October to February in 
California); and are ephemeral structures lasting only until the spores 
have been disseminated. Each sporophore consists of a stipe, 3 to 10 
inches long, honey-yellow or brown, bearing the expanded pileiis which 
is honey-colored and sprinkled with dark-brown scales, while the 
lower surface is occupied by the whitish gills which are somewhat deciir- 
rent on the stipe. The sporophores are exceedingly variable in color, size 
and markings. The stipe is generally dark brown or black at the base, 
becoming lighter above, and marked b}" an cmnulus evident as a distinct 
membranous ring or reduced to a few delicate scales or even entirely 
absent. The stipe may be smooth, scaly or roughly grooved below the 
annulus, and may sometimes be more or less expanded at the base, rather 
than uniformly cylindrical. The pileus is at first distinctly convex, 



Fig. 253. — Small portion of bas^idial surface of Armillarui nifpra, {AfUr Haritg.) 

especially in the center, but with age may become flat, or even concave 
with an upturned margin, and is exceedingly variable in diameter (2 
inches to 1 foot). In typical forms the scales are more numerous towanls 
the center of the pileus and then thin out towards the periphery, become 
less evident with age and under certain conditions may be entirely absent. 
The lamelte or gills, which are whitish at first, become flesh-eolored or 
dingy with age. The hymenium consists of paraphyses and an abun- 
dance of basidia, each generally bearing four sterigmata (rarely two or 
three) with hyaline, elliptical or slightly reniform basidiosporos, 0 by 9p. 
These spores are forcibly detached and fall from between the gills, wlien 
they may accumulate as a white powder or be borne away by air currents, 
the period of spore fall probably lasting several days. In a similar forai 
Biiller estimated that 40,000,1X10 spores fell from a single sporophore dur- 
ing each hour of the spore-fali period, which will serve to emphasize the 
fact tl'iat an enormous number of basidiospores are set free. 
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Sporophores are produced very abundantly from old decaying roots 
and stumps and from living hosts in the last stages of decline. Tempera- 
ture and moisture conditions and the degree of disintegration of the sub- 
stratum influence their development. - In some cases the fungus may make 
only a vegetative development, producing mycelium and rhizomorphs 
without any fructifications. It is said that sporophores are rare in dense, 
dark, coniferous woods. 

According to present opinions the spores and rhizomorphs play entirely 
distinct parts in the life of the root-rot fungus. It is the belief that direct 
infection of living structures by hyphse formed b}^ germination of spores in 
situ is relatively rare. 

The spores are the common means by which the fungus attacks dead but unin- 
fected stumps. A stump is employed as a base from which the fungus attacks 
living trees, so that spores are the medium by which it forms new bases from which 
the fungus proceeds on a career of penetration in limited tracts of forest (Hiley, 
1919). 

The rhizomorphs spread in the soil from their original bases (on dead 
roots or stumps) to adjacent living hosts, enter their roots or crowns 
through the open doorway of mechanical injuries or dead tissues and in 
some cases penetrate healthy, unbroken tissue. New infections of living 
hosts take place then largely, if not entirely, through tissues in contact 
with the soil, and not through aerial structures. 

Pathological Anatomy. — The mycelial fans or felts may be developed 
in the cambium, also in the outer phloem or in the inner cortex, and in 
such cases several layers of the mycelium may be found, one inside 
another. The fungus does not advance far above the crown of the tree, 
the height varying with the host and the supply of moisture, from 2 to 5 
feet or even more. From the cambial felts the hyphm grow outward into 
the phloem and inward into the wood, first following the medullary rays 
and spreading from these into the adjacent tracheides or vessels, and pro- 
duce a white rot or disintegration of the wood. Early in the wood inva- 
sion black lines or layers appear. 

TiieHC layers start from the cambium and gradually spread inwards, remaining 
very thin all the while, so that in transverse section of the trunk they appear 
as lines forming the sides of triangles with the cambium as the base. They also 
spread upwards in the wood, forming cone-shaped surfaces, and a section through 
a somewhat higher part of the trunk shows them as irregular circles (Hiley, 1919). 

Black lines of this type are common in decaying wood, and White 
(1919) in his study of Fames applanatus states “that cultural or other 
evidence shows that when they do occur more than one species of fungus 
is at work. They are produced at the point of contact of two invading 
fungi in the case of many pairs of wood-destroying fungi.'' Hiley attii- 
buted these black lines in mushroom root rot of the larch to the action of 
the single mycelium. According to this study, the hyphse branch and 
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become miicli segmented, the cells become bladder4ike, their walls swell 
and become tinted with a pale-brown pigment, and closely pack the 
cavities of the tracheides. Some of these cells collapse and their con- 
tents fill the interstices between the other bladders and stain the walls of 
the tracheides. Next the swollen hyphae become bleached and empty, 
their walls again become thin and finally they disappear’" (Hiley, 1919). 
The black line occupies a width of one or more tracheides and moves for- 
\vard with the advance of the fungus. The writer cannot refrain from 
expressing the opinion that these inflated bladder-shaped bodies as figured 
b}^ Hiley look like tyloses instead of like modified fungous cells, and the 
brown contents like “'wound gum,"" Back of the black lines the traclie- 
ides “are delignified from the outside tow^ards the middle lamella, leaving a 
layer of cellulose.. Then the cellulose also is digested so that often wdiole 
w’'alls disappear"" (Hiley, 1919). 

Host Relations. — Mushroom root rot is of importance as a disease of 
forest or shade trees, attacking both coniferous and broad-leaves species. 
It is stated that under European conditions it may attack anj coniferous 
species that are making a poor growth. It has been noted especiaity on 
cedars, firs, hemlocks, larch, pine and redwood among the evergreens, and 
on alder, beech, birch, walnuts, almond, chestnut, locust, maple, mulberry, 
oak, sycamore and poplar among the broad-leaved trees. 

In America it is of most importance as a parasite of tree fruits : Apples, 
apricots, peaches, plums, prunes and cherries all suffer. The pear is 
claimed to be the most resistant of the tree fruits, the French pear being 
practically immune. Two other deciduous trees are reported as immune, 
the northern California black walnut (Jnglams calif or fn'm hindsif) and the 
fig, {Ficus carica). “Of the three principal root stocks used for stone 
fruits, observations seem to indicate thtit m^'robalan m the most resistant, 
surpassing either the peach or the almond root"" (Hendrickson, 1925), 
Almonds, citrus fruits, olives and walnuts are seriously affected. Much 
injury has resulted to the grape in C’alifornia and also in Europe. The 
bush fruits, especially in the Pacific Northwest, seem to be very suscep- 
tible, the greatest injury resulting to plantations of black!)erries and rasp- 
berries. Horne (1915) has studied Armillaria in its relation to nursery 
stock, and believes that perfectly healthy nursery trees grown in Armil- 
laria spots may become infected and thus carry the disease into the 
orchard, especially when “bailed"" trees, that is, trees with dirt, are trans- 
planted, In the cut-over redwmod lands of C’alifornia the wild haze! is 
reported to be a favorite host of Armillaria (Kssig, 1919). Many rhodo- 
dendrons and azaleas in the city parks of Seattle were killed by shoestring 
root rot, probably A rmillaiia mellea (Schmitz, 1 929). It is also of interest 
to note that this fungus has been reix>rted from Japan (Berkeley, 1922) as 
living in symbiosis with an orchid, GaMradki data, 
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The potato and rhubarb are the only herbaceous plants which are 
attacked by the root-rot fungus. Rhizomorphs may penetrate potato 
tubers and develop white, convoluted mycelial plates within the interior. 
One occurrence of this trouble in Washington was in the first crop on new 
land that had just been cleared of hazel brush. 

Control. — The problem of prevention of root-rot injury is somewhat 
different for forest trees than for orchard crops. In Europe the recom- 
mendation is made that infested wood lots be cleared and devoted to the 
growth of some, farm crop for a time, and that coniferous plantations 
should not follow immediately on land from which broad-leaved trees 
have been cleared. In America the disease in fruit trees and other culti- 
vated hosts seems to be due largely to planting in cut-over land in which 
the fungus was already established either as a saprophyte or a parasite of 
the native trees or shrubs. Experience has shown that Armillaria will 
disappear from cleared land after a period devoted to some farm crop 
(except potatoes), hence in selecting sites for orchards newly cleared lands 
may be viewed with suspicion, and planted to a non-susceptible crop if 
Armillaria is known to be present. 

The disease frequently appears in established fruit plantations, and 
then the problem is one of either saving the affected trees or of preventing 
the spread to adjacent healthy trees, or making replanting safe. The 
practices to which consideration should be given are as follows: (1) The 
removal and destruction of diseased trees or plants, including as much of 
the root system as possible as soon as the disease is discovered. This 
practice should be followed at least when the host is seen to be very 
seriously affected. (2) The removal and destruction of sporophores 
when in the button stage, so as to prevent the maturing and dissemination 
of basidiospores. Diseased or dead trees or stumps should be watched 
for the appearance of the characteristic groups of fructifications. (3) 
Since the fungus is known to spread in the ground by means of its rhizo- 
morphs, the construction of barriers has been recommended to con- 
fine them and keep them from reaching other tree roots. The common 
barrier suggested is a trench 1 foot wide and 2 feet deep, with the dirt 
thrown towards the center, surrounding a single tree or groups of diseased 
trees, and so located as to be beyond the spread of the roots. Horne has 
also suggested the use of a concrete wall as a barrier. If an adjacent 
stump appears to be the base from which the fungus originated, it should 
also be enclosed by the barrier. (4) The possible treatment of diseased 
trees when the disease is discovered in its earlier stages, with the idea of 
either saving the tree or prolonging its life. The treatment of apple 
trees in Oregon has given some promise of success (Barss, 1913) and con- 
sists of removing the soil from around the crown for a foot or more so as to 
expose the large roots, to be followed by the cutting out of diseased bark 
or roots. The cut surfaces are then disinfected with creosote, or Bor- 
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deaux paint, a.nci protected with a waterproof wound di-essing. If the 
trunk lesionK are of great extent, bricige grafting i!ia.y be needed to assist 
in the recovery. The exposed crown and roots are to be left exposed to 
the air and sunlight during the summer, but the dirt should be thrown 
back before freezing weather. This surgical treatment, followed by the 
prolonged aeration of the crown, has been tried for orange trees in 'Aus- 
tralia, but gave poor results unless the trees were only slightly infected 
when the operation was performed. (5) Delay in resetting of root-rot 
spots or places from which individual disea.sed trees ha\-e been removed 
or replanting with a highly resistant variety. Three rears is supposed 
to be the minimum period of rest unle.ss the .soil can be treated with 
chemicals to kill the rhizomorphs. At present specific and reliable 
information concerning chemical treatment is not available. 
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IMPORTANT TROUBLES DUE TO PALISADE FUNGI 

1. Exobasidiace.e 

Rose bloom or the Massachusetts false blossom of cranberry (Exohasidium 
oxpcocci Rost.). — Shear, C. L.: Cranberry diseases and their control. U. S, 
Dept, Agr., Farmers^ Bid, 1081: 12-14, 1920. 

Red leaf of cranberry (Exobasidium vaccinii (Fci.) Wor.). — Shear, G. L.: 
hoc, cit, 

2, THELEPHOBACEiE 

Rhizoctonia disease of numerous hosts (Corticium vagum B. & C.).— One of the 
important causes of damping-off of seedlings; also of stem rot of herbaceous hosts. 
Peltier, G. L.: Parasitic Rhizoctonias in America. Ill, Agr. Exp. Sta. Bui. 189: 
283-390. 1916. Reported to be the cause of brown-patch of golf links. God- 

frey, G. H. : Experiments on control of brown-patch with chlorophoi mercury. 
Gi'een Sect. U. S. Golf Assoc. BuL 6 : 83-87. 1925. 

Silver leaf’ of fruit trees {Stereum purpureum Pers.). — (See special treatment.) 
Septobasidium canker of apple, pear and some forest trees (Sepetobasidiu?n pedicella- 
turn. (Schw.) Pat.). — Wilson, G. W.: Notes on three limb diseases of apple. 
Thelephorose. N. C. Agr. Exp. Sta. Rept. 25: 53-55. 1912. 

Smothering disease of coniferous seedlings {Thelephora laciniata Fries). — Freeman, 
E. M.: The smothering fungus of seedlings. In Minnesota Plant Diseases, pp. 
243-244. 1905. 

House fungus (Coniophora cerebella A. & Sch.) — Mez, Carl: Der Hausschwamm, 
pp. 164-173, R. Lincke, Dresden. 1908, 

3, Clavariace^ 

Seedling diseases of wheat, barley, rye, beets, cabbage and other garden crops (Ty- 
phula spp.). — Eriksson, J.: Fungoid Diseases of Agricultural Plants, pp. 90-91. 
1912. Zimmerman, H.: Typhuiapiizbefall der Wintergerste, 1921. Nachrich- 
teuhl. Deut. Pflanzenschutzd. 2: 41-42, 1922. 

Yellow root rot of fir, spruce, pine and larch (/Spamssfa radicata Weir). — Weir, J. R. : 
Sparassis radicata, an undeseribed fungus on the roots of conifers, Phytopath. T : 
1917. 
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4. Hydnace.e 

Uniform white sapwood rot of maple and beech {Hydmmi sepientrioriale Fries). — 
Atkinson, G. F. : Geological Survey of Louisiana 1880 : 335-336. 

Wet heartwood rot of oaks (Hydnum erinacem Fries). — Schkbnk, H. von and Spauld- 
ing, P.: Diseases of deciduous forest trees. U. S. Dept. Agr., Bur. PL Ind. BuL 
140:44-45. 1909. 

Texas root rot (Hydnuni ommvorum Shear). — S heae, C. L.: The life-history of the 
Texas root-rot fungus, Ozonmm ornnivormn Shear. Jou7\ Agr. Res. 30: 475-477. 
1925. (See also the imperfect stage of this fungus, pp. 652-653.) 

Stringy red-brown heartwood rot of fir, spruce and western hemlock due to the Indian 
paint fungus (Echinodontmm tinctorhim E. & E.). — M’einecke, E.'P.: Forest 
diseases common in California and Ncwada. Unnuinbered leaflet, pp. 50-52. 
1914. ■ . , ’ '■ 

Top rot of the swamp cedar (Sleecherimim halLnui Banker). — A new fungus of the 
swamp cedar. Bankbe, H. J.: Torrcy Bo/. f Aa/. 3 3 : 341-343. 1909. 

4,5. P 0 LYFOEACB.B 

The house fungus {MeruUus lacrymcms Schum.). — M bz, Gael: Dor Ilausschwainni, pp. 
30-65. R. Lincke, Dresden, 190S. 


Timber rot of various coniferous species {PoHa imrmsaia (B. & C*) Burt).— 
Humphrey, C. J.: Decay of lumber and building timbers due to Poria incrmsaia 
(B, <fe C.) Burt. Mycokgia U: 258-277, 1923. Edgbrton, G. \\L: ‘^Dry rot^' 
in buildings and building .materials. La. Agr. Exp Sta. BuL 100: 1-12. 1924. 
liuMPHRBY, C. J, AND MiLBs, L. E. Dty Fot m buildings and stored const ruction 


ur maple rotted by Fomex igniurim. 
. B. P. L Bui 140.) 


Fio. 254.- 


-Cross-seetion of the trunk 

{After Fo?i Schrenk and 
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materials and how to combat it. Ala, Agr, Ext. Serd. Circ. 78: 1“26. 1925. 
Conunon white wood rot of various deciduous trees {Fomes igniarius Fries). — 
ScHRBNK, H. VON AND SpATJLDiNG, P. : Diseases of deciduous forest trees. U. S, 
DepLAgr.^Bur.PLInd.B%d.l4k8:2&-Z7. 1909. 

White heartwood rot of the white ash (Fonies fraxinophilus Peck). — Schrenk, H. 
von: a disease of white ash caused by Polyporus fraxinophilus. U. S, Dept. 
Agr.j But, PL Ind. Bui. 32 : 1~20. 1903. 

White butt rot of various deciduous trees {Fames applanatus Fries). —H eald, F. D.: 
A disease of the cottonwood due to Elfvingia megaloma. Neb. Agr, Exp, Sta, 



Fig. 255. — Portion of trunk of moutain ash with sporophores of Polyaticfus Mrsutus. 

Ann. Rept. 19 : 92-100. 1906. White, J. H. : On the biology of Fames applana- 
tus (Pers.) Walk. Trans, Roy, Canad. Inst, 12: 133-174. 1920. 

Red heart rot of conifers {Fames officinalis (Vill.). — Faxjll, J, H.: Fomes officinalis 
(ViiL), a timber-destroying fungus. Trans. .Roy. Canad, Inst. 11; 185-209. 
1016. 

Yellowish wood rot of the catalpa, and common on the dead wood of various deciduous 
species {Polystictus versicolor Fries).— Stevens, N, E.: Wood rots of the hardy 
eataipa. Phytopath. 2: 114-119. 1912. 

Sap rot of various deciduous trees {Polystictus pergamenus Fries). — S chrenk, H. von 
AND Spaulding, P. : U, S, Dept, Agr.^ Bur, PI, Ind, Bui. 149: 56-58. 1909. 
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White rot of mountain ash (PolijsHctm fdrsutris Fries). — Pollock, J. B.: Polystictus 
hirstihis as a wound parasite on mountain asli. Science^ n. s. 31 : 754, 1910. 

White rot of various fmit, nut and shade trees (Polyporus sy 2 iaMm 2 is (Huds,) Fries). — 
Bullek, a. H. R.: The biology of Polyporm sqiiamosm Huds, a timber-destroy- 
ing fungus. Jour, Econ, Biol, 1 : 101—138. 1906. Duggae, B. M. : White rot 

of deciduous trees. In Fungous Diseases of Plants, pp. 453-457. 1909. 

Brown checked wood rot of various deciduous trees (Pohjporus sulpkuretis Fries). — 
Duggar, B. M.: Decay, or brown rot of trees. In Fungous Diseases of Plants, 
pp. 457-461, 1909, 



Fio. 256. — Portion of trunk of ii young cherry tree invaded by Schizophylliwi ainrum. 
Tlie fungus entered through the long stubs left in pruning. 


Red-brown root and butt rot of pine and various other conifers (Pdyp&rus mhimmizii 
Fries). — ScHRENK, H. voh: Borne diseases of New England conifors, U, S, 
Dept Agr.^ Div, Veg. Path, P%s. Btd, 25: IS-24. 19CK). 

Cuboidal wood rot of pine, spruce and other conifers {F^olppo'nm b&redu Fries).— 
Atkinson, G. Studies of some shade tree and timber-destroying fungi 
Cornell Univ, Agr. Exp, Sta, Bid, 103: 1001. 

Brown rot of conifers pim (Brot.) Fr.).— Known also as pecky wood rot, 

red rot, ring shake and peckiaess. Haetio, R.; Wiehtige Krsnkheiten der 
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Waldbaume, pp. 43-61. 1874. Hole, R. S.: Trametes pini Fries in India. 

The Indian Forest Records § : 1-26. 1915, 

Lenzites dry rot of coniferous timber {Lemites sejyiaria (Wulf.) Fr.).— Falck, R. : Die 
Leiizitesfaule des Coniferenholzes pp. XXXII + 234. Jena, 1909. Spaulding, 
P.: The timber rot caused hj Lenzites sepiaria. U. S. Dept. Agr., Bur, PI. Ind. 
Bui 214: 1-46. 1911. 

6. AgaricacEuE 

Root disease of sugar cane {Marasmius plicatus Wakker). — Fulton, H. R.: The root 
disease of sugar cane. La. Agr. Exp. Sta. Bui. 100: 1-21. 1908. 

ScMzopliyiium rot of various shade, nut and fruit trees and also sugar cane {Schizo- 
phyllum ahieum Qu.) Schr.). — Buller, A. H. R.: Researches on Fungi 1: 113- 
119. Longmans, Green & Co. 1909, Essig, F. M. : The morphology, develop- 
ment and economic aspects of Schizophyllum commune Pries. Univ. Cal. Publ. 
BoL 7 : 447-498. 1922. Putterill, M. A. : The biology of Schizophyllum 

commune Fries with special reference to its parasitism. 8. Africa Dept. Agr. Sci. 
Bui. 26: 1-35. 1922. 

White-streaked sapwood rot of maples and various other deciduous trees due to the 
oyster fungus {Pleurotus ostreatus Jacqu.).— Learn, C. B.: Studies on Pleurotus 
osireat'us Jacqu. and Pleurotus ulmarius Bui. Ann. Myc. 10: 542-556. 1912. 

Buller, A. H, R.: Researches on Fungi 3 : 474 '-489. Longmans, Green & Co. 
1924. 

Mushroom root rot (Armillaria mellea (Vahl) Sacc.). — (See special treatment.) 
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PARASITIC SEED PLANTS AND THE TROUBLES THEY 

CAUSE 

PARASITIC SEED PLANTS 

Alany flowering or seed-bearing plants are parasites or half parasites. 
I he latter have a chlorophyll apparatus, while the former have none. 
Ihese parasitrc seed plants cause more or less disturbance in the life of 
the hosts which they parasitize and, when crop plant.s are concerned 
may cause serious injury. Before considering the groups of parasitic 
seed plants the types of nutrition of seed plants in general will be briefly 
outlined, the robber class constituting one of the five types. 

T^es of Nutrition of Seed Plants.— From the standpoint of their 
nutrition, seed plants show a considerable diversity. They mav he 
grouped as follows; “ -J’ o e 

1. The/uchay owneKs, the majority of green plants, which by means of 
then chlorophyll apparatus are the producers of the worlci\s food supply 
(holophytes). 

2. The projit is/mrers, those which have a mutualistie relation with 
some other organisms, either bacteria or fungi fsvmliionts) 

3 The trappers, plants with ingenious devices for cajitiiring insects 
which they digest (insectivorous plants). 

4. The mwenm chiorophylI-le.ss plants, which have become par- 
tially or completely saprophytic in their mode of life (.saprophytes). 

1 ^ part or all of their food from other 

o-o-PWoh. 

onliffw f Seed Plants.— Of the total mimlier of seed plants, 

only a few have degenerated to the robber clas.s, and of these onlv a few 

iWriZe economic 

shim Tl!: ^ f interesting parasitic rclation- 

subfVmilie number of families or 

freone Sr', T®i , morphological relationship, but 

be Ptysmlogicai similarities. The following groups may 

“ the 

or c’rnw! r ? hausforial disks, which are attached to the roots 

or so srA^fo' f w**" parasitism is to be found in KX) 

o< «o .spec ies of Santalaceie, represented by tiie true sandalwood (Sanialum 

sm 
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album) of India, bastard toadflax (Thesium dpinurn) of ICurope and 
Coftiniandra spp. attacking various woody and herbaceous hosts; also in 
many Rhinanthacem, some of the better known species being the eyebright 
{Euphrasia spp.), the yellow rattle (Rhinanthus spp.), cow wheat (ilfetem- 
pyruni) and lousewort( Pedicularis spp.). Most of these parasites 
cause little if any appreciable injury to the host plants with which they 
are associated. 

2. Underground plants, with perennial stems, bearing leaves devoid 
of chlorophyll and with haustorial disks attached to the roots of trees 
and shrubs in the same manner as in the first group. Each year aerial 
flower-bearing shoots are formed which die down with the ripening of the 
seed. The toothwort (Lathrcea squamaria)^ the best known representa- 
tive, in addition to obtaining part of its food supply from its host, has 
unique leaf traps b}^ which it captures minute earth-inhabiting animal 
organisms and utilizes them as food. These species also belong to the 
Rhinanthacese. 

3. Foliage-bearing, chlorophyll-containing, bushy, perennial plants 
growing upon the aerial portions of various trees. The seeds germinate 
on the branches of the host and soon establish a nutritive relation by the 
penetration of haustoria. Some San talacese of the East Indian Archi- 
pelago belong to this group, but the best-known forms belong to the 
Lorantliacem. The most important representatives are the giant 
mistletoes (Lorantkus spp.) , mainly tropical ’ parasites, but including 
L. miropmus, on oaks and chestnuts in the east and south of Europe; 
the Bluropean mistletoe {Viscum album); the American mistletoes {Phora- 
dendron app.); and the dwarf or scaly mistletoes (Razoumofskya spp.). 
The latter are especially injurious to coniferous trees in the northwestern 
United States (Fig. 264). There are distinct species which parasitize 
the western larch, lodgepole pine, western yellow pine and Douglas fir. 

They may kill 3 ’'oung trees or older trees may be retarded in growth both of 
height and diameter. Se^•ere infestations may also cause the death of upper 
liranches, producing staghead or spike top, while large burls, or witches’ brooms, 
may be formed wdiich interfere with the life processes of the tree (Weir, 19i()). 

4. Twining plants with filiform stems devoid of green leaves and 
without chlorophyll, but with a few rudimentary scale leaves still persist- 
ing. The plant retains no connection with the soil but twines around its 
host from which it absorbs its crude and elaborated food by means of root- 
like sucking organs or haustoria. The group is represented by two 
entirely unrelated genera: Cassytha, with mostly tropical species (family 
LauracefB) of the eastern and western hemisphere, with a single species 
(C. filiformis) in the rosemary scrub of Florida; and Cuscuta (family 
Cuscutacem), with numerous species in various countries. These dodders 
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or love vines are of outstanding 'importance because of their disastrous 
effects upon various cultivated plants, especially clovers and alfalfa 
(see special treatment). 

5. Plants destitute of chlorophyll, and with seeds that germinate in 
the soil where a filiform plant body is formed which grows into the ground 
and soon penetrates crown or root of its host. Its tissues are merged with 
those of its host to form a more or less tuberous enlargement, from which 
aerial flowering stems arise at some later time. These flowering shoots 
!nay be almost naked, clothed with a few^ scattered rudimentary leaves, 
or covered with conspicuous, closely imbricated scale-like leaves. The 
most important representatives of this group belong to the broom 
rapes (Orobanchacesc) and the BalanophoracetB. 

The broom rapes include 130 or more species, mostly from north 
temperate regions with a few from the tropics and the southern hemi- 
sphere. Several species of broom rapes are of economic importance. The 
best knowm are the branched broom rape {Pheliptv ramom), parasitic 
on. the roots of tobacco, hemp, etc., and Orohanche minor on clovers and 
some other hosts. The broom rapes are more serious in Europe than in 
America. In its maximum development, tlie clover l)room rape (Kleeteu- 
fel) may be so abundant as entirely to destroy the second cutting. Some 
of the species are small, but several natives of North Africa reach a height 
of 50 centimeters and produce stems as thick as one's arm. 

The Balanophoracess are found mainly in an equatorial belt encir- 
cling the world, and inhabit prime%ml forests, wdiere they are parasitic 
on the I'oots of woody plants which run below’ a covering of vegetable mold. 

6. The representative of this group show’ the most extreme merging of 
the plant body of the parasite with the tissues of the host. The 
young plant penetrates the cortex of the host and finally forms a more or 
less definite hollow cylinder, which is intercalated between the wood and 
the cortex. The stem or root attacked shows little or no enlargement at 
the place where the parasite is located, and the infection is first evident 
when the flowers burst through the cortex. These forms belong to the 
single family Rafflesiace®, which has representatives in the tropical and 
subtropical regions of Asia, and adjacent islands, tropical America and 
subtropical South America, and a single species, Cyfinm hypocisimj in 
Mediterranean Europe. The genus Rafflesia is noteworthy as including 
a species R, arnoldii^ which produces flowers 1 meter in diameter, claimed 
by some authorities to be the largest flowers in the world. This wonder- 
ful flower is a native of Sumatm and is sessile upon roots of vines. The 
open flower displays five 'immense fleshy lobes around a central bowl- 
like portion within which the _ stamens and styles are inserted. The 
central bowl and its surrounding fleshy ring or corona are blood red, 
while the lobes are nearly the color of the human skin, and the flower 
emits a putrescent, cadaverous smell Another species of nearly equal 
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size, R. schadenhergii, is found in Mindanao, of the Philippine group. A 
single flower may weigh about 22 pounds. 
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DODDER OR LOVE VINE 
Ciiscuta spp. 

The dodders or love vines are non-chlorophyll-bearing, leafless, twin- 
ing, parasitic seed plants which attach their yellow, orange or pink, 
thread-like stems to the stems or other parts of various cultivated or wild 
plants, sometimes on single isolated hosts, but frequently as conspicuous 
tangles of intertwining stems. Various other common names more or less 
descriptive of these parasites are in use in various localities, some of the 
more important ones being “strangle weed/^ “gold thread, “hair weed,^' 
“pull-down,” “hail weed,” “deviPs hair,” “deviPs ringlet,” “deviPs 
guts” and “hell-bind.” Dodders are of much importance as pests of 
clovers, alfalfa and flax, but are of minor concern as parasites of "various 
other cultivated plants. 

American Dodders. — These parasites all belong to the genus Cuscuta 
of the Cuscutacefe or dodder family, which was formerly considered a 
tribe or subfamily of the Convolvulacese or morning glory family. We 
still consider the dodders as very close relatives of the morning glories, 
although they have undergone marked physiological and morphological 
changes as a result of their parasitic mode of life. The first American 
monograph of the genus was published by Engelmann in 1842, and this 
was elaborated in a later publication( 1859). In the recent “Revision of 
the North American and West Indian Species of Cuscuta,” by Yuncker 
(1921), 54 species and 42 varieties are described. The most important of 
the species from their relation to our cultivated crops are as follows: 

1. Clover Dodder (Cuscuta epithymum Mmx.), — This species attacks 
various species of clover, alfalfa and some other legumes. It is an intro- 
duced species, occurring throughout North America, but does little 
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damage after the first season, as it rarely produces seed in the .United 
States. 

2. Small-seeded Alfalfa Dodder {C. planiflora Ten.). — This is aiiother 
emigrant from Europe, which is found on alfalfa and some other legumes, 
mainly in the western states from Colorado, Wyoming and Washington 
south to New Mexico. 

3. Large-seeded Alfalfa Dodder (C. indecora Clioisy). — This native 
species, showS' a preference for leguminous crops, especially a.lfalfa, and is 
common from C'olorado westward. It is less common in .the .South and 
■has been sparingly introduced into eastern states... Yimcker ' recognizes 
five varieties (1921). 

4. Chilean Dodder (G, racemosa chUemm' Engelm.).~This South 
American species has been sparing^ introduced and attacks both clover 
and alfalfa. It has been reported from widely separated stations from 
Maryland to California. It is common in red-clover and alfalfa seed 
imported from South America. 

6. Flax Dodder (C. epiUnaim Weihe).— This European species attacks 
flax and sometimes other hosts but never clovers or alfalfa. It is limited 
largely to the flax-producing sections of this and foreign countries. None 
of the other species of economic importance attack flax. 

6. Field Dodder (C- peniagona Engelm. — C. arvensis Bey.). — This 
native species is widely distributed throughout North America, but is 
most common and serious east of the ^Mississippi River. It infests many 
species of herbaceous plants, but shows little preference for any special 
hosts, cultivated or wild. It is not uncommon on clovers and alfalfa, and 
has caused serious injury to the sugar beet. Yum3ker recognizes four 
varieties (1921). 

7. Cmnmon Dodder (C. gronovvi Willd.).^ — This is another native 
species with little preference a>s to tlie plants which it attacks. It is 
reported as infesting garden ornamentals and even hedge plants or willows. 

The various species of dodder are so very similar in appearance that 
no attempt will be made to offer diagnostic characters even for the eco- 
nomic species, but the student is referred to taxonomic manuals or to Yunc- 
ker's monograph for detailed descriptions. It may be noted that alfalfa 
and clover are the principal crop plants which suffer from dodder attacks, 
certain species showing a decided preference for these hosts. Grass or 
cereal hosts are never seriously affected, but may be parasitized by the 
less specialized species when growing in mixed cultures of preferred hosts. 

The Parasite. — The various species of dodder are so similar that a 
single description of their general characters will suffice. When dodder 
first becomes evident in a field it will be noted as a tangle of branched, 
thread-like, leafless stems, devoid of chlorophyll or green pigment, twining 
around the stems or other parts of its host, or forming an interlacing mat. 
The common color is yellowish or orange, but the stems of certain species 
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are frequently tinged with red or purple, or may in other cases be almost 
white. While true leaves are absent, they are represented by minute 
functionless scales, which are evident on close examination. Whenever 
the twining stems come into contact with the host, minute root-like organs, 
the haustona, penetrate into the host cortex and serve for the absorption 
of both crude materials and elaborated food. The established dodder 


Fig. 257. — Dodder on alfalfa. 


plant has no connection with the soil but derives its entire supply of 
nourishment directly from its host. 

The tiny, white, pink or yellowish flowers occur in clusters, appearing 
from early June until the end of the growing season. The flowers are 
mostly gamosepalous, and pentamerous; the stamens inserted in the 
throat of the gamopetalous corolla, alternating with the lobes; a fringed or 
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fimbriate structure usually present beloweach stamen; ovary two-loculate, 
each cell with two ovules; the two styles distinct or united and with capi- 
tate or linear stigmas; fruit a capsule, producing tiny gray or reddish- 
brown, slightly roughened seeds. The seeds ripen from July until frost 



Flo. 258. — Diagrammatic representation of the complete life cycle of tloUdcr from the 
sc'ed (a) to the maturing of a new crop of seed. {After Hanaeti, U. S. Dept. Agt., Farmers' 
Bui. 1161.) 


and under favorable conditions are produced in great abundance. A 
single plant has been reported to produce as many as 3000 seeds. 

Under favorable conditions of moisture and temperature the seeds of 
dodder germinate like any otiier seed and produce young seedling dodder 
plants. It has been noted that the seeds of alfalfa or clover dodders 
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generally germinate in the spring a few weeks later than the seeds of their 
hosts. A young seedling is a slender, yellowish, unbranched thread, 
generally larger at the lower end, which may remain for a time either in 
contact with the soil or slightly embedded in it. The distal end is raised 
into a more or less vertical position and the growing tip describes a circle 
in its search for a support. When a support is reached, whether it is a 
congenial host or not, the young stem begins to twine around it, the same 
as a morning glory around its support. If the supporting structure is a 
susceptible host, the young stem soon forms haustoria, which penetrate the 
host tissue, and infection is accomplished. From now on the young 
seedling has an abundance of available food and the young stem below 



Fig. 259. — Haustonum of Cuseuta epiUnum, E, epidermis; R, cortex; H, wood of flax 
stem ; e, r and g are tissues of Cuseuta. Semidiagrammatic. (After Sachs.) 

the first stem coil and haustoria shrivels and dries up, and all contact 
with the soil ceases. If a young seedling does not establish nutritive 
relations with a host it perishes as soon as it has used up the food supply 
that was stored up in the seed. Seedlings of alfalfa dodder have been 
found to retain their vitality for 6 to 9 weeks without establishing a host 
connection. The established parasite continues to climb upward, and 
“waxes fat” at the expense of its host, while the stem which was simple 
at first develops branches and the twisting or circumnutating tips reach 
out and twine around adjacent host parts. In this way an increasing 
zone of infection results. 

The origin and development of the haustoria may be briefly noted. 
They appear on the concave side of the stem coils as a result of the contact 
stimulus. 
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A sucker-like organ first arises from the epidermis of the mother stem and 
adheres firmly to the host plant; its formation is then followed by the ingrowth 
of the true haustoriiim, which has originated eiidogeiioiisly, mainly from the 
cortical region just outside the pericycle, and seems very properly to represent 
an adventitious root. The cells of the sucker, or ‘^‘'prehaustorium/^ dissolve their 
way into the host plant, partly by pressure, partly b}^ the excretion of a ferment, 
and into the space thus made the haustorium grows, enlarging the opening and 
becoming suiTOunded by a mass of compacted dead cells (Tlioday, 191 !)• 

The superficial cells of the developing haustorium become greatly 
elongated to produce a bundle of hypha-like cells, wdiicii advance inward. 
Omitting some of the details of developiiient that are unessential for 
understanding the relation of the parasite and host, it may be noted that 
some of the central cells push on through the vascular cylinder into the 
pith, while the elements immediately around the central core become 
applied to the xylem elements of the host. The inner peripheral cells of 
the haustorial brush penetrate to the functional and developing sieve 
tubes of the phloem and spreading outwmrd come into intimate contact 
with sieve tubes of the host. The haustorial cells coming into contact 
with the host xylem elements organize strancis of traclieids which make a 
continuous connection with the xylem elements in the main stem of the 
parasite, while those in contact with the sieve elements of the host organize 
strands of sieve tubes whidh form a continuous cylinder connecting with 
the phloem elements of the main stem. An effective parasitic relation is 
thus established with both; phloem and xylem of host and parasite in 
physiological continuity, thus affording a pathway along which both 
crude and elaborated food may be transported from the host stem into the 
stem of the parasite. 

Effect of Dodder.— In a crop like clover or alfalfa the dodder usually 
appears in circular spots, the size depending upon the age of the infesta- 
tions, those of a single season’s growth varying from 3 to 6 feet in diameter. 

Usually, they increase in-size from- j?ear to year, ultimately reaching a diam- 
eter of 30 feet or more., -Tn' some spois the dodder dies out and may be said 
to have become extinct. By the coalescence of two or more spots, large bare 
areas of irregular shape are formed. On the interior of the s|)ots there remain a 
few scattered alfalfa plants which, somehow, escaped destruction by the dodder, 
but the ground is occupied chiefiy by weeds (Btewart, 1908). 

In old-established infections, the dodder is not much in evidence in 
the early spring, but later it develops the characteristic tangled masses 
of the yellow dodder stems on the host plants around the margin of the 
spots. The amount of damage in alfalfa or clover fields will vary with 
the species of dodder, the host conditions and the amount of seed of the 
parasite that was introduced into the field. Cases are on record in which 
entire fields have been ruined during the first year, but generally the 
injury is less severe. The maximum injur^^ in most eases results during 
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the second or third years after seeding. Dodder-infested fields may have 
the hay crop lowered in quantity and quality, but dodder is of most concern 
in seed-producing regions. Although dodder is a noxious parasite, 

. . . it is not to be feared in the United States in the same degree that it is dreaded 
in Europe. In parts of Europe, especially Germany, the production of clover seed 
has ceased because of the ravages of dodder. The conditions in this country do 
not seem to be as favorable as in Europe for the development of dodder; hence 
the discovery of dodder on the farm should not be the occasion for serious alarm, 
but rather for the employment of a well-conceived and systematic plan for its 
extermination (Hansen, 1921). 

Etiological Relation. — Dodder overwinters by means of seed which 
falls to the ground and remains dormant until spring, or in the case of 
certain species on perennials, by means of portions of its stems which 
are resistant to winter temperatures. While many botanical writings 
have classed the dodders as annuals, it has been shown by Stewart and 
others (1909) that certain species — C. epithymum on alfalfa, for example — 
are perennial and that the continuation of infestations is more often due 
to the resumption of growth by overwintered stems than to the germina- 
tion of new seed. In fact, in the United States this species produces seed 
only rarely. 

Attention may be directed to the habit of growth which makes the 
extermination of dodder in a crop like alfalfa difficult. If dodder were 
rooted in the soil like an ordinary weed the problem would be much 
simplified, but it is really rooted by means of its haustoria at numerous 
points, wdiere its stems coil around the host parts. The various portions 
of the parasite are therefore independent, and even minute pieces of its 
stem can continue growth when connection with the parent plant is 
severed, provided there is a haustorial contact with the host. Even 
close cutting of alfalfa leaves sufficient crown infections to continue the 
growth of the parasite on later crops. It has also been shown that 
separated fragments of dodder stems a few inches long may, under moist 
conditions, establish new haustorial connections if left in contact with 
susceptible hosts. 

Dodder may be introduced into a field, or when once introduced it 
may be disseminated by any one of the following methods: (1) as impurity 
in the seed; (2) by irrigation water; (3) by hay from infested fields; (4) 
by manure containing the seeds; or (5) by farm operations and the move- 
ment of live stock from one field to another. The presence of dodder in 
commercial seed of clovers or alfalfa is due to the presence of dodder in 
seed-producing sections, and not ordinarily to the adulteration of the seed, 
although screenings from low-grade seed may sometimes be mixed with 
other seed by unscrupulous dealers. The size of dodder seed is such 
that it is not removed in the threshing operation, and so is left in the 
commercial seed unless some special method of separation has been prac- 
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ticed. It has been noted that half-ripe dodder seed will germinate as 
readily as fully matured seed, and that dodder which has not jmt formed 
seed at time of cutting may still obtain sufficient food to ripen its seeds. 
While dodder-containing seed is the principal source of the first introduc- 
tion of the parasite into a field, its further dissemination may be brought 
about by some of the other agencies. 


JJIG. 2ti0.— Seed of dodder compared witii alfalfa seed. .-I, clover dodder iCuamta 
epilhvmum); B, small-seoded alfalfa dodder (C. plamflora); C, field dodder (C. anaisis); 
D, large-seeded alfalfa dodder (O', indccora). (After Ilillnmn, U. S. Dent. Agr., Farmers' 

BmL ' . ■ ■■ ■ ■ 


Control and Eradication.— The dodder pest can be handled by follow- 
ing practices to prevent its introduction and, if present, to guard against 
further dissemination; or established infections may be eradicated. The 
important preventive measures are as follows: (1) the avoidance of dodder- 
infested seed; (2) the avoidance of dodder-infested hay; (3) the exclusion 
of grazing animals from dodder-infested fields, or at least preventing their 
movement from infested fields to clean fields; (4) the eradication of dodder 
from localities which may contaminate irrigation water and thus carry 
the seed from place to place; and (5) the avoidance of dodder-containing 
manure unless this has been composted for 6 or more weeks. 

It is of first importance to avoid the purchase of dodder-infested seed. 
Many states require commercial seed of clovers or alfalfa to be labeled as 
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to purity or dodder content, while the Federal law excludes the importa- 
tion from foreign countries of commercial seed containing one or more 
dodder seeds per 5 grams of seed. These measures have improved the 
quality of seed upon the market, but still great care should be exercised 
in selecting seed to be sure that it is free from dodder. 

Dodder seeds range in size in the different species from those slightly 
smaller than the seed of white clover to those as large or larger than alfalfa 
seed.,' 

In general, these seeds are usually dull coated, with roughened, or minutely pitted 
surfaces, and each seed has three flat surfaces, while the seeds of clovers are usu- 
ally smooth, rounded and possesses a certain luster. Furthermore, the scar on 
dodder seeds is very inconspicuous, whereas the scar on leguminous seeds is 
clearly evident. Dodder seeds range in color from dark brown to green or 
yellow (Hansen, 1921). 

The grower who has not acquired the ability to recognize dodder seed 
should have his seed tested by either a Federal or a State seed laboratory. 

The removal of dodder seed from large lots of seed can be done most 
economically and effectively by seed companies having special cleaning 
machinery. A high |3er cent of the dodder seeds can be removed from 
clover or alfalfa by power-driven or hand graders, with the use of the 
proper screens. Recently excellent results have been obtained with 
the Dosser machine, in which the velvet linings .remove many small 
dodder seed that cannot be screened out. Still more recently, an electro- 
magnetic process of separation has been devised. The seed is mixed 
with a powder which is sensitive to a magnet and more adheres to the 
rough dodder seeds than to the smooth legume seeds. When passed 
under a magnet the heavily coated seeds are withdrawm, and these include 
not only the dodder, but some weed seeds and fragments of legume seeds. 
After the separation the legume seed is passed through a polisher 
to remove any adhering powder (Foy, 1924). 

Dodder seed may be separated from clover or alfalfa on the farm 
by hand sieves. Stewart (1909) recommends a foot-square frame 4 
inches deep, with a screen made of 20 by 20 mesh, using either No. 34 
Washburn and Moen gage, steel or iron wire, or No. 33 brass or copper 
wire on the Old English gage. One-fourth to one-half pound of seed is 
to be shaken vigorously in the screen for K minute. Robbins and 
Egginton (1918) recommend a 20 by 22 mesh brass screen, using 32 or 
34 gage. Hansen (1921) says: Best results have been obtained by the 
use of a sieve made of wire having 20 meshes to the inch and of No. 30 
to 34 thickness.'^ The large-seeded alfalfa dodder cannot be removed 
by these screens, hence seed infested with this species should be discarded. 

The success of eradication measures and the plan to be followed will 
depend upon the extent of the infection, that is, whether only small 
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isolated areas are present or whether general infestation prevails, and also 
upon the seed formation by the parasite. In either case eradication 
measures should be initiated, if possible, before seed is formed. The 
methods of treatment are as follow's: (1) Small scattered patches before 
seeding. Mow and allow the plants to dry, or sprinkle with crude oil or 
kerosene and burn, or feed the cut plants for hay. (2) Small scattered 
patches, after seeding. Burning by one of the following methods is 
recommended: (a) Mow close, beginning at the outer mar g i'n of the spot 
and work towards the center. Allow the plants to diy, then burn. (6) 
Sprinkle with kerosene or crude oil and after a few days ignite (c) 
Cover infested area with straw and burn, (d) Burn the infested plants 
with a blow torch. (3) General infestations before seeding. In this 
case the crop may be mowed early, at least before any of the flowers of 
the dodder open. Close grazing by sheep or hogs or'plowing the crop 
under for green manure may be a substitute treatment. (4) General 
infestations after seeding. In cases of severe infe.station with dodder 
cut close to the ground, and allow the plants to diy. or .sprinkle with crude 
oil or keiosene and burn in the field. Fallow for the remainder of the 
season or plant a winter crop, and then follow with a 5-year rotation, 
iDeginning with a non-leguminous, tilled crop. At the end of 5 years’ 
if non-susceptible crops have been used, it will be safe to .seed to clover or 
alfaKa agam. To avoid loss of the hay crop, it may } 7 e cut and fed to 
hve stock without removing from the field, and during following years 
the crop should be cut before the dodder Ijlossoms, or close urazintr nrac- 
ticed until the dodder is under control. ' ^ 

If general field or garden crops are attacked by dodder and the infesta- 
tion is severe, the practical solution is to grow either resistant or immune 
varieties until the dodder disappears. It should bo noted that new lands 
on which dodder has been prevalent may have their first crop infested 
with this parasite. This is not a common occurrence, but it should be 
recognized as a possibility. 
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THE AMERICAN MISTLETOES 
Phoradendron spp. 

These leafy, green parasites of forest and shade trees are a familiar 
sight from New Jersey, southern Illinois and Oregon southward, while 
beyond their natural range, they are frequently found upon the market 
during the Christmas season, and in many homes constitute a part of the 
holiday decorations. In some sections of the country certain species 
are very prominent because of their serious injury to forest and shade 
trees. 

History and Geographic Distribution. — The common mistletoe of Europe is Viscum 
albunij and it was at first supposed that the common mistletoe of the Atlantic Coast 
(P. flavescens) was identical with the European species. Although the American leafy 
mistletoes were at first generally referred to Viscum, they were early recognized as 
showing marked differences, but were not separated until the poineer botanist, Nuttall, 
in 1847 placed them in a new genus to which he gave the name of Phoradendron, mean- 
ing tree thief. The genus is strictly American, the various species ranging from 
Oregon, southern Colorado, the mouth of the Ohio River and southern New Jersey 
soutiiward into Mexico, Central America, the West Indies and in South America to the 
mouth of the La Plata, while two species are found in the Galapagos Islands of the 
Pacific and one in the Pacific island of Guadalupe. A late monographic revision of 
the genus by Trelease (1916) recognizes 277 differentiable forms, of which 240 are 
regarded as species. The genus is divided into two groups distributed as follows : 
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Of the species occurring in the United States a relatively small number have a 
wide distribution. P, flavescs9is Nutt., which has been called the American mistletoe, 
^‘occurs from southern New Jersey to the lower Wabash, Oklahoma and eastern Texas, 
reaching southeast to the gulf and ocean’’ (Trelease, 1916) and parasitizes a great 
variety of Angiosperms. F. mliostim Nutt., the Pacific Coast or California mist let oe, 
is found from Oregon south through California and lower Calif oiaua, usually on oaks 
but also on numerous other genera of Angiosperms. F. cnlifondcum Nutt., the 
legume, red-berried mistletoe, is found in California, ITah, Arizona and lower Cali- 
fornia, chiefly on Leguminossc, but never on Coniferm. In the southern area, between 
the ranges of these species F. engelmanm Trel. is the important species of central and 
western Texas, while P. maa'ophylium Cock, is common in Arizona and to less extent 
in adjacent Mexico. While the genus is prominent as furnishing parasites of Angio- 
sperms, several species parasitize coniferous hosts, notably F. Engelm. 

on Juniperiis in southern Colorado, Arizona, New Mf*xi(‘o, western Texas and adjacent 
Mexico. The mistletoe has attracted the most attention as a pest in Texas and other 
portions of the Southwest (York, 1909). It has been noted that in the transition zone 
from the humid climate of the Gulf states to the ariii climate of the Southwest, in 
w’-hich conditions are unfavorable for the best tree growth, mistletoe flourishes, and is 
more varied in form and relatively more abundant than in thi^ more humid areas. In 
explanation of tliis behavior it has been suggested that ‘‘mistletoe, like a good many 
other plants of arid situations, requires much sunlight for its best growth, and especi- 
ally for the development of flowers, and thereby of numerous and vigormis sce<ls, anil 
is at a disjidvantage in competing with the heavy shade-easting foliage of forests in 
humid climates. The necessity for light might explain why in bottom-lami forests of 
the East mistletoe is (mnfinefl to the highest bninch<‘sof the tallest trees, ami liow, with 
increasing intensity of sunlight and the more meager foliage and open stand of trees 
incident to the drier climate of the Southwest, mistletoe is enabled to spread over 
the entire tree ’’ (Bray, 1910). 

The Parasite. — Most of the species of Phoradendron show a marked 
similarity in growth and general habit, appearing as bunched tufts of 
leafy, perennial, suffruticose shoots on the branches of their hosts. 
Because of their evergreen character, they present a striking picture, when 
their hosts are devoid of foliage. The Eur<){)ean Viscum and the Ameri- 
can Phoradendron are so similar in general appearance that a winter 
picture of either might easily be mistaken for that of the other. 

A marked exception is found in some of the desert mistletoes, like P. calif orni- 
cum and P. Ubocedri, which when seen from a distance sometime suggest the 
cactus genus Rhipsalis in their long pendant tufts: and the Mexican P.calycida- 
lum and a few other species form wide-spreading, fountain-like masses of still 
greater size (Trelease, 1916). 
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The shoots are well supplied with opposite, expanded leaves, which are 
petioled or petiolately contracted, but in a few species they are reduced 
to scales. There is a well-developed chlorophyll apparatus in both leaves 
and stems, by which the parasite is able to manufacture its own carbo- 
h^^drate food, but the plants, especially during the winter, have a slightly 
yellowish-green cast, in some species even a golden coloring (P. macro- 
phyllum) or an olive or brownish shade (P. juniperinuni, etc.). The 
stem of the mistletoe expands in the cortex of the host into an irregular 
branched structure, the hamtorium, from the under side of which peg- 
like oiitgrow'ths, the sinkers, are formed which penetrate to the cambium 


nil 


Fig. 261. — A typical growth of Phoradendron engelmanni about 2 feet in height. {After 

York.) 

and later, by the formation of the annual rings of xylem, come to be 
embedded in the wood. 

The haustorium and sinkers fix the parasite in position and serve as 
an absorbing organ. The sinkers contain no phloem elements, and 
only come into direct contact with xylem cells of the host, hence the 
parasite cannot rob its host of elaborated foods, which must travel along 
the phloem. The mistletoe is then what may be called a water -parasite, 
that is, it obtains its water and mineral salts from its host, but elaborates 
its own food in the same way as an ordinary green plant. The hausto- 
rium gives rise to buds on its upper surface, which may produce new shoots 
at some distance from the primary shoot. If the aerial shoots are broken 
off, the cortical haustorium will immediately give rise to new shoots 
from dormant buds which are started into activity. 
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The northern mistletoes are dioecious, with axillaiy spikes of 3- or 
sometimes 2-, 4- or 5-merous, inconspicuous, apetaloiis flowers. The 
sepals are distinct, deltoid, valvate and persistent on the fruit; the 
stamens on the base of the sepals, with sessile, two-celled anthers opening 
by subapical slits. The ovary is inferior, one-celled, one-ovuled and 
develops into a more or less globose berrj' with a single albuminous seed 
and a very viscid mesoearp. The mature berries of the common species 
are whitish translucent, or sometimes shaded with greenish yellow, while 
the legume mistletoe (P. calif or mcitm) and its conifer-inhabiting allies 
have straw-colored or reddish berries. 



Fig. 262. — llistlcton plants 5, 0 and 7 years nf uk<\ {Afkr York.) 


Effect upon the Host. — The effect of mistletoe upon its host is variable, 
and may be very slight or pronounced on a given species, while some hosts 
are more noticeably disturbed. Based on the studies of mistletoe in the 
Southwest, some of the reported effects are: (I) more or less hypertrophy 
of the branch at the point of infection; (2) atrophy and final death of a 
branch beyond a mistletoe tuft, so that the mistletoe comes to occupy 
the end of a branch, as is frequently well illustrated in the water oak 
(Querais nigra L.); (3) deforming of branches or even of the main trunk 
due to infections of long standing; (4) the excessive formation of shoots 
by the host, giving rise to a sort of witches’-broom effect, as in many 
infections on the osage orange; (5) delay of the host in putting out its 
leaves in the spring, noted frequently in cases of heavy infestation; 
(6) retardation of growth with its stunting and dwarfing effect. York 
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(1909) has expressed doubt as to whether mistletoe ever kills its host^ 
while Bray (1910) states that mistletoe not only causes mechanical 
injury, but saps the vitality of the branch and when sufficiently abundant 
often the whole tree ; and in case of the hackberry especially, often results 
in the death of the entire tree/^ It has been claimed that the European 
mistletoe (I iscum album) is nourished by its host in the summer, while it, 
in turn, furnishes its host with food during the winter, but for our Ameri- 
can mistletoes no such harmonious relations are believed to exist, the 
parasite always constituting a drain upon the host. 

Etiological Relations. — The fleshy, viscid berries are to some extent 
an object of food for certain birds, and the seeds are disseminated very 



Fig. 263. — Cross-section of a branch infested with- mistletoe, ilf, shoot of mistletoe; h, 
haustorinm; s, sinker; c, cortex of host. 

largely by these birds, for the most part ^^by being wiped from the beak 
against a branch in the bird^s efforts to remove the adhesive pulp '' or also 
through the excrement. ^^In either case the pulp still remaining about 
the seed causes it to stick to the branch and by drying to become firmly 
pasted there (Bray, 1910). The sticky character of the berry pulp is so 
pronounced that mistletoe fruits in Europe are used in the preparation 
of bird lime. Mocking birds, cedar birds or wax wings, cardinals, robins 
and sparrows are reported to be important agents of dissemination, the 
first being named the chief distributor. The mocking birds seem to 
give first choice to other sources of food — ^for example, hackberry fruits — 
but when these become exhausted turn their attention to mistletoe berries. 
Later in the spring when the mistletoe berries soften, they may be broken 
from their attachment by winds or rains, and fall to other branches on 
which they become crushed. 
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By Februaiy or later the seeds germinate, the exact time, of course 
depending upon the temperature and moisture. The radicle turns 
towards the substratum and when it comes in contact with it enlarges 
and becomes flattened to form a more or less circular attachment disk. 

A papilla-like projection, the primary hwudormm, develops from the under 
surface of the attachment disk, which by mechanical force and the secretion of a 
digestive substance sinks itself into the bark of the host . . . As soon as the 
primary haustorium becomes established, it spreads out in the cork cambium 
but does not penetrate beyond it (York, 1009). 

Sinkers are generally formed during the first year of growth and reach 
the wood, while buds of the first shoots are formed on the attachment 
disk. The rate of growth is very slow and by the end of the second year 
the shoot has produced its first pair of foliage leaves. Mature plants of 
the Texas mistletoe (P. engebnanni) may reach a length of 1 to 3 feet, and 
in specimens of maximum size have been estimated to be at least 20 years 
old. With continued growth the cortdcal haustorium may completely 
encircle a branch and new shoots may appear even on the side opposite 
the original point of entrance. There appears to be no fixed limit to the 
continued existence of mistletoe on its host. The European mistletoe 
has been found with sinkers extending through 60 to 70 annual rings of 
wood, while it is the belief that many infections of the Texas mistletoe 
are nearly as old as the host itself. According to observations made 
previous to 1910, there were many “cases in Te.xas where mistletoe has 
been repeatedly broken from large branches during the pa.st 20 or 25 
years” (Bray, 1910). 

Physiological Strains.— The European mistletoe (17 .vtw,m album), 
according to Von Tubeuf (1923), shows three different sti’ains or races: 

(1) the pine mistletoe (Kiefermistel) on pines and some other hosts; 

(2) the fii mistletoe (Tannenmistel) on Abies species; and (3) the mistle- 
toe of broad-leaved trees (Laubholzmiatel). The American mistletoes 
have not been studied so intensively and thoroughly as V. edbum, but 
it is stated that P. flaevseens, the eastern mistletoe, most generally 
affects only one of its numerous hosts in a given region, “doubtless 
illustrating the same host adaptation as the mistletoe of northern Europe" 

(Trelease, 1916). Bray records 32 different hosts for the Te.xas mistletoe 

(1910) and states that it seems likely "that the central Texas form of j 

mistletoe may be more or less freely established upon all of the hosts by | 

seed carried from the mistletoe growing upon any one of them.” The i 
marked similarity of several of the recognized species, whose separation ■ 

been based largely .on the study of herbarium specimens, suggests 
that more detailed field studies and' cultures might be undertaken with 
profit. ^ 
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Control. T1 i 6 problom of mistlGtoe control in America is concerned 
primarily with shade trees and in a few environments with fruit trees. 
Two entirely different demands are to be met: (1) the prevention of the 
development of serious infestations on developing trees; and (2) 
the extermination of the mistletoe or the mitigation of the damage in 
heavy infestations of long standing. If trees in mistletoe regions are 
. carefully watched, it should not be difficult to hold the parasite in check 
by ordinary pruning operations, since infected branches may be cut off a 
few inches below the point of infection, and the parasite effectually 
removed. In established infestations which have been permitted to 
develop unmolested for some years, two courses are open: (1) the breaking 
of the mistletoe, which retards its growth and gives some relief to the tree; 
and (2) cutting out of the mistletoe, with treatment of the haustoria 
to prevent the reappearance of new shoots, combined with heavy pruning 
or heading back of the host in accordance with its landscape relations or 
tolerance to severe mutilation. The breaking of mistletoe can be accom- 
plished in tall shade trees by means of a mistletoe hook, consisting of a 
curved or L-shaped iron inserted in the end of a long pole. With this 
implement the rather brittle mistletoe tufts may be pulled or broken 
from their point of attachment. In this treatment, however, the haustoria 
give rise to new aerial shoots, which continue the growth of the parasite. 

Mistletoe, however, can be kept well under control by cutting off these succes- 
sive crops of sprouts, and where this is done every year or two the trees are kept 
more sightly and the damaging effects of the mistletoe reduced to a negligible 
quantity (Bray, 1910). 

There are conflicting reports as to the success of painting infected 
regions, after breaking or cutting off of the mistletoe, with various creo- 
sote preparations, but it seems that this treatment offers no sure remedy. 
Apparently, a complete killing of the mistletoe can only be accomplished 
when the l)ark covering the haustorium is cut away together with the 
external parts of the haustorium and the cut surface treated with creosote 
or coal tar or a combination of the two. This treatment is feasible and 
successful in infections of moderate size, but in old infections with widely 
ramifying haustoria is difficult, and much less likely to be successful. 

References 

Nutt ALL, T.: Description of plants collected by William Gambel, M.D. in the Rocky 

Mountains and upper California. Jour. Acad, Nat, Sci. Philadelphiaj n. s. 1: 

149-189. 1847. 

Peirce, G. J.: On the structure of the haustoria of some phanerogamic parasites. 

Ann, BoL 7 : 29~32Q. 1893. 

Cannon, W. A.: Anatomy of Phoradendron viUosum Nutt. Torrey BoL Club. Bui. 

28; S74r-390. 1901. -■ 

— : Observations on the germination of Phoradendron mllosum and P. californicum. 

Torrey Bot CM Bui 31; 43&-44a.-, 1904.^ '■ 




MANUAL OF PLANT DISEASES 


York, H. H.: The anatomy and some biological aspects of the American mistletoe. 

Uriiv. Tezas But (Sci. Series, 13) 120: 1-31. 1909. ' 

Bray, .William L.: The mistletoe pest in the Southwest. U. S, DepL Agr 

166: 1-39. 1910. •> 


Fig. 204.“Seaiy mistletoe {Razawnofukm np-') on pine. 


Hedgecock, G. G.: Notes on some diseases of trees in onr natitjmil fore.sts. ‘ 

Phytopath. 6 : 17.5-181. 191S. 

Treleasb, W.: Phoradendron. Proc. Nat. Acad. Sd. 1: 39-3.5. 1913. 5 

: The genus Phoradendron, a monographic rctision, pp. 1-224; plate® 1-24.5. ' 

Univ. of Illinois. 1916. 

Tcbbot, K. F. von: Monographic der Mistel, pp. I-S32. Munich ami Berlin. 192.3. 




CHAPTER XXVIII 

NEMATODES AND THE DISEASES THEY CAUSE 
NEMATODES 

Nematodes live either free in moist earth or in water^ in decaying 
vegetable or other organic substances or as ecto- or endoparasites on 
plants or animals. They feed mostly on juices which they suck up 
directly from the organic materials of the substratum or which they make 
available from living cells by boring into them with a buccal spear. Free- 
living forms wdiich live in the soil and feed upon dead er diseased plant 
parts may influence plant growth, but the true parasites are of the most 
phytopathological interest. 

General Characters of Nematodes— The nematodes, or nemas, 
sometimes called roundworms, have tubular or filiform bodies, with 
mouth and well-developed alimentary canal. The mouth is provided 
with papilke or lips or with hooks or spines in the oral or buccal cavity, 
and leads into a narrow oesophagus, which usually has thick muscular 
walls and a ciiticularized lining and may be dilated into one or more 
muscular msophageal bulbs or pharynx. The oesophagus is a suctorial 
tube, which by valves and its muscular walls pumps in fluid food and in 
some species solid particles, and passes it on to the intestine by peristaltic 
action. The intestine is usually a straight tube which continues the 
alimentary canal into the rectum, which opens by the anus near the 
posterior end of the body on the ventral surface. As a result of degener- 
ation the external opening or even the entire alimentary canal may be 
wanting in certain genera. 

The body w^all is muscular, and encloses a body cavity containing the 
blood fluid, the alimentary canal and the excretory and reproductive 
organs. There is no definite circulatory system, and respiration organs 
are lacking. The body is unsegmented, but the stiff cuticle is often trans- 
versely ringed. The muscular body wall makes it possible for the body 
to be knotted, curved or bent, and permits the characteristic undulatory 
rnovernexits of filiform species. In most forms two lateral regions remain 
free from muscle cells and form the so-called lateral chords or lines. 
Dorsal and ventral median chords may also be distinguished. 

The sexes are generally separate and the males smaller than the 
females. The females lay eggs but in a few cases they may bear living 
young. Many species are parasitic either during all or a part of their 
life cycle, and some develop in two entirely unrelated hosts. Animal 
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parasites live mostly ia the intestine or other organs of various animals 
including man, domestic animals and other mammals, insects, etc. Not- 
able forms are Trichinella spfraKs (Trichina), the cause of trichinosis in 
man, a disease which is contracted by eating uncooked pork in which the 
worms are encysted; the Guinea worm (Filaria medinensis), which devel- 
ops in the subcutaneous cellular tissue of man in the tropics of the Old 
World, and forms abscesses when the worms reach full size (2 feet or more 
long) ; and the hookworm {Necator americanMs), the cause of the hook- 
worm disease, now known to be a terrible scourge in the southern United 
States, where it is common among the negroes and poor whites. Hook- 
worms live in the soil and gains access to the human body through the 
soles of the feet, causing “ground itch” or “foot itch,” and later passes 
into the intestines. Hookworms cause anemia, hemorrhage, heart weak- 
ness, emaciation and perverted taste, as shown by clay or dirt eating. 

Classification of Important Plant Nemas. — Of the various families of 
Nematoda, the plant pathologist is especially intere.sted in one, the Tylen- 
chidce. This is a family of minute forms, which live free in the soil, 
water, etc., or on or in plants as parasites. The alimentary canal has 
two pharyngeal or oesophageal bulbs, the head end is blunt, with central 
mouth, the posterior end generally pointed. The males have two similar 
spiculcB. The following genera are the most important ones furnishing 
plant parasites: 

Tylenckus . — Buccal spear short, three lobed at the base; oesophagus 
indistinct with strong, oval, anterior msophageal bulb and posterior 
oesophageal swelling joining the intestine by a broad base; male with 
single testis, and smooth bursa. 

Important species: (1) T. dipsad (Kiihn) Bastian, the stem nematode 
of clover, alfalfa, strawberry, hyacinths, etc.; (2) T. trilici (S.) Bastian, 
the cereal and grass nematode; (3) T. peneirana C'obb, a .species infesting 
cotton and potatoes (Cobb, 1917); (4) T. mnilis ('obb, parasitic on roots 
of banana and sugar cane (Cobb, 1916). 

TyUnchulus . — Spear and oesophagus typically tylenchoid; ecto- 
parasites. 

Important species: T, mnipenelmm Cobb, the r(»ot nematode of 
citrus. 

Heterodera . — Buccal spear tylenchoid; male with one testis and with- 
out bursa; passes through a “metamorphosis”; female when sexually 
mature, enlarged flask-shaped, cyst-like and filled with eggs or embryo 
nematodes. 

Important species: H. sckachiii Schmidt, the sugar-beet nematode. 

Caconenia . — “Resembling Heterodera, but truly endoparasitic and 
less specialized in its parasitism; having the amphids protected by 
‘cheeks'; the males with two testes” (Cobb, 1924). Recently separated 
from Heterodera with C. radidada as the type. 
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Important species: C. radidcola (Greet) Cobb, the cause of root gall 
or root knot in hundreds of species of plants. 

Aphelenchus. Buccal spear, tylenchoid; male without bursa, direct 
development. 

Important species: (1) Aphelenchus olesistm Ritz. Bos., the leaf 
nematode of ferns, begonias and other greenhouse plants; (2) A. fragarics 
Ritz. Bos., the cause of the “cauliflower” disease of strawberries; (3) 
A. cocophilus Cobb, the cause of the “red ring” or “rot disease” of coco- 
nut; (4) A. ritzema-bosi Schwartz, the chrysanthemum-leaf nematode 
(Steiner, 1924). 
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NEMATODE DISEASE OF WHEAT 

Tylenchm tritici (S.) Bast. 

This is an eelworm disease which affects the aerial parts of the host, 
but invades especially the inflorescence, transforming the kernels into 
galls, which resemble the smut balls of stinking smut. Various names, 
such as “smutted/' “bunted/' “hard smut,” ^'cockle,” “bin burnt” and 
“immature wheat,” have been applied by farmers and mill men in this 
country. In England it is commonly called “purples,” because of the 
color of the galls and also “false ergot;” in France, “bl6 nielle,” because 
of the similarity to bunted wheat; and in Germany “Radekrankheit,” 
because at first associated with the seed of cockle {Agrostemma githago)^ 
a common weed of wheat fields, also “Gichtkrankheit” on account of 
the gnarled appearance of infected plants. This disease is distinct from 
the bulb disease (T. dipsaci (Kuhn) Bastian) which attacks wheat, rye 
and oats in addition to numerous other hosts. 
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History and GeograpMc Bistribution. — This disease was first noted in England by 
Needham in 1743, but the real significance of the accompanying nematodes was not 
understood until some years later when Koffredi (1775-1776) showed their causal 
relation to the malady. The pathogene was first named Vibrio iriiici by Steinbuch in 
1799, and various other names %vere employed, previous to the appearance of the 
classical monograph (1S65) by Bastian, in which it was transferred to Tylenchus. 
Of the numerous contributions to our knowledge of the disease which appeared 
following Roffredi’s publication, two are of outstanding importance: (1) The mono- 
graph by Bavaine (1857); and (2) the contribution of Marcinowski (1909), which 
added to our knowledge of the pathogenicity and physiology of the parasite. The 
former ^^gives practically all that is known today about the etiology of the disease, 
lucidly describes and illustrates the different stages in the development of the parasite, 
and records the results of physiological researches on the nematode which furnish 
a basis for its controT’ (Byars, 1920). 

The disease was first recorded in the United States by Johnson (1009) from collec- 
tions made in California, but was not found again until 1017 when Froinmo reported it 
from Virginia. It has since been reported from a few other states (W'est Mrginia 
il counties, North Carolina two coimties and South Carolina and Georgia one county 
each), but it has been most prevalent in Virginia (53 counties). Tin' disease has been 
considered in some tletail by Byars (1918, 1919, 1020), Fromme (1919), Coleman and 
Regan (1918) and Luekel, 1924. 

This nematode disease has almost a world-witie distribution, having long been 
prevalent in the various European countries. It has !)een noted in Australia and South 
America and in 1917 Byars reported its occurrence in Cliina, but it seems to he absent 
from Africa. The disease is believed to be endemic in Europe, and has probably been 
spread from England or the Continent with exportations of seeii wheat. It is for- 
tunate that the disease has not yet been introduced into the principal wheat-growing 
sections of the United States. 

Sjrmptoms and Effects* — The disease may be noted in young plants 
by the wrinkling, rolling and distortion of the and by tlie enlarge- 

ment of the stems of affected shoots. This condition may !)e noted on 
young plants in the fall or in the ear!}” spring before heading. Bmall, 
raised, rounded areas may appear on the upper surface of mildly infected 
leaves and these lose their normal green color, become ^''ellow, wilt and 
die. Occasionally very young leaves may ^ ‘contain liglit-colored b wellings 
or galls, one or more of which may be located along the midrib, on the 
leaf edge or between the two, and are misshapen by an imec|ual lateral 
development^^ (Bj^ars, 1920). 

When seedlings become more severely attacked, 

, , . the young loaves become bo strongly infected within t!ie older leaf sheaths 
that instead of growing straight up normally they may be forced through the 
latter, carrying along mill them the young stem. In this way stems are some- 
times bent, and induced to grow in an almost hori:sotita! t!irecti«>m Tlie leaves 
become so wrinkled, twisted and rolled as to lose all semblance of their natural 
shape. Their norma! green color then disappears and fnmlly, after wilting, the 
entire plant dies (Byars, 1920), 

Leaf and stem symptoms are not as noticeable in older plants, but these 
may be dwarfed, yellowish and exhibit some curling of the upper leaves, 
or these symptoms may be entirely absent. 
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The effects of the disease are especially evident in the heads, which 
are generally shorter, have more widely divergent glumes, and are greener 
and remain green longer than normal heads, thus resembling some of the 
effects of stinking smut. All or a part of the flowering glumes of an 
affected head may contain hard, light-brown to dark-colored galls, which 
have replaced the normal grains. These galls are smaller than normal 
wheat grains, but sometimes thicker, and have a much less evident suture 
or longitudinal furrow. Since they may be mistaken for bin-burnt 
grains, smut balls or cockle seeds the distinctive characters of each may 



Fig. 2(>5."~”“JM:iIforination of wheat leaves and steins due to the nematode {Tylenchu^ trihci) • 
{After Leukcl, Jour, Agr, Res, 27 , 1924.) 

be noted: (1) nematode galls hard, difficult to break, surface smooth, 
without brush at the tip; wall thick, enclosing a central yellowish- white 
mass; (2) smut balls fragile, easily broken, surface smooth, brush gener- 
ally evident; wall thin, enclosing a black powdery mass; (3) cockle seed 
more rounded, black, surface covered with rows of short spines; (4) 
bin-burned grains same as normal grains in form, but discolored. 

The injury from the nematode disease may be due to (1) the killing 
of seedlings, thus reducing the stand; (2) to weakened vitality and less- 
ened yield and a lowering of the market grade or quality of the crop. 
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The mjury from the disease is exceedingly variable, as may be notec 
from the fact that few seedlings may be killed, while in extreme cases 
a killing of 90 per cent has been recorded. In Virginia, samples of grains 
from millers and farmers showed 0.1 to 25 per cent of galls, and in one 
case they exceeded 50 per cent. In considering the significance of the 
disease in these cases it should be borne in min cl that many galls are lost 
before and during threshing, and that in severe infections there is much 
injury that is not reflected in the nature of the threshed product. The 
quality or market grade is lowered because of the reduced test weight per 


Fto. 266.— Nematode galls and normal 
rye; 0, normal wheat kernels; P, nomiid n 

1924 .) 


A, galls from wheat; M, galls i 
. (After Leukd^ Jour, *4|/r. lies. 


bushel, and the increased amount of dockage, while the "flour yield 
from such infected wheat is reduced, and the percentage of low-grade 
^ increased” (Coleman and Regan, 1918). The galls 
are difficult to remove by screening or fanning, tests showing 88 per cent 
alter usmg && oat-kicking machine, 65 to 70after using the three standard 
sieves and 40 to 46 per cent after vigorous fanning with 850 revolutions 

lighter thansound wheat, with a specific gravity 
of 0.8125, so they can be removed by floating. Use can be made of wheat 
washers and dnem that are ©speciallv devised tn hsinHio 
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Etiology.— This disease is due to Tylenchus iritici (S.) Bast., one of the 
parasitic nematodes, belonging to the family Tylenchidge. The patho- 
gene may be found in the galls on young leaves, in the flower galls, as an 
ectoparasite within the leaf sheaths or it may exist for a time in the soil. 
The parasitism of this organism has repeatedly been demonstrated by 
inoculations made by planting whole or broken galls with wheat or by 
pouring an infusion of galls over the seed or into the trenches before 
planting. 

The yellowish-white center of 
a nematode gall is a mass of these 
minute roundworms in what may 
be designated as their second larval 
stage. If a gall is soaked in water 
and then opened, the freed larvae 
straighten out, and later, sometimes 
within a half hour, begin their 
characteristic, eel-like, vital mo- 
tions. Each worm is slender, cy- 
lindrical to spindle shaped, slightly 
blunt at the anterior or head end 
and tapers to a point at the 
posterior end. They are from 658 
to 9 10 m length and 15 to 20 m iu 
diameter. The average length has 
been given as 869m, while specimens 
1 millimeter long have been re- 
ported. Each larva consist^ of an 
outer tube or body covering enclos- 
ing a smaller tube, the alimentary 
canal, the space between the two 

being the body cavity. The mouth Fig. 268 ). {After Byars, U. S, Dept Ayr., Bui 
opens into a buccal cavity contain- 

ing a buccal spear, 9 to 11m long, which is hollow, pointed at the free end 
and trilobed at the base. 

By means of this hollow spear, which can be exserted and retracted by strong 
muscles, the larva is able to pierce its egg membranes, to force its way into plant 
tissues and by means of the fine canal which extends through the spear to 
absorb plant juices or other liquid foods. 

Below the spear and buccal cavity the digestive canal is continued as a 
slender oesophagus, which shows an anterior, globular, oesophageal bulb, 
or muscular enlargement The slender digestive canal is continued 
back of this bulb and gradually enlarges into a second or posterior, 
elongated cesophageal bulb, wMoh joins the much larger intestine, opening 
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first into a short narrow rectum leading to the anus or vent about 50/^ 
from- the point of the tail. Near the center of the anterior bulb there is 

small valve capable of expansion ‘and contraction by the muscular 
wall of the bulb/^ which by a pump-like action sucks liquids through the 
spear, and passes them on into the intestine. The intestine contains 
translucent granular matter and refractive nuclei of its wall cells can also 
be "plainly seen, while a half-moon-shaped, light zone, containing the 
primordia of the reproductive organs, may be noted at about the middle 
of the bod^u At this stage there is no sexual differentiation. 

The life history of the pathogene may be briefly outlined. The galls 
falling to the ground or mingled with the seeded grain decay and the 
larvae escape into the siiri'oimding soil. By their own activity they are 
able to migrate through the soil for a radius of 20 to 30 centimeters. They 
may live free in the soil for several months, but if they find no host plant 
to infect they finally perish. When the}^ come in contact with suscepti- 
ble' seedlings, they penetrate betw^een the leaf sheaths near the apical 
or growing points of the culms, and remain in this position until tliehead 
is produced, or give rise to the curled aud rolled leaves and leaf galls, as 
described under Symptoms. When the heads are formed some of the 
larvm that are lying in wait enter the flowering parts, presumably by the 
piercing action of their buccal spears, and within the galls formed from 
ovaries or, adjacent organs. become sexually mature, , pair and lay thou- 
sands of eggs. The old worms die, the eggs hatch and the newly formed 
larvae become dormant by the time the galls have reached maturity. 
.Sexual maturity may .also -be ■. attained in some of the leaf galls. A leaf 
gall may contain a few to .as many as 25 worms, while two to 25 or more 
may infest a single flower. 

The sexually mature m.al6S and females develop within the galls, 
and show modifications in structure and size. Females are 3.5 to 4 milli- 
meters in length and 168g or more in diameter. The most of the body 
cavity back of the oesophagus is occupied by the egg-prcxiueing organ, 
which opens at the vulva some distance in front of the anus. The egg- 
producing organ consists of a short posterior sterile Imiiich and a large 
anterior fertile portion which is so long that it is folded at the front and 
again near the middle. The first portion of the fertile branch is a glandu- 
lar, tubular portion, the uterm^ 'which expands into a vesicular-shaped 
portion directly connected with the ovary. The uterus may be filled 
with fertilized eggs in various stages of development, A single female' 
may lay more than 2000 eggs and thus from the adults of a single gall 
10,000 to 90,000 larvae may result. 

The males are smaller than the females, 2 to 2.5 millimeters long and 
more slender. In front of, the pointed toil end there is a curved trans- 
parent wing, the bursa, near whose center the intestine and reproductive 
organ opens. The latter extendb as a tube of about uniform diameter 
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nearly to the oesophagus, where it folds back for a short distance. The 
testis tube may be filled with mature or developing spermatozoa. Special 
copulatory organs, the spiculse, are located near the 

sexual opening. 

The eggs are elongated ellipsoid, filled with dense 
rounded granules, possess a single central light spot, 
the nucleus, are covered with a tough, transparent 
skin and measure 73 to 140 by 33 to QSii. Segmen- 
tation may be begun before oviposition, but is 
generally delayed until the eggs are laid. It proceeds 
rapidly and within a short time the young larva 
pierces the egg membrane with its buccal spear and 
escapes from the shell. The larvse pass into a dormant 
and very resistant state by the time the galls are 
mature. In this condition they are able to remain 
dormant for many years and resume their life cycle 
when favorable conditions of moisture are offered. 

Byers reports the successful reactivation of larvse 
(1920) from galls m wheat imported from Turkestan 
in 1910, and cites a case of resumed vital activity 
after a dormancy of 27 years. 

The dormant larvse in the galls are very resistant 
to temperature changes or to the action of chemical 
agents. Galls soaked several days in tap water and 
then immersed in hot water gave then following 
results: 46°C. for 5, 10 or 15 minutes, no effect; 

48°C., ditto; o0°C. ditto; 50°C. for 30 minutes, all 
killed; 62°C. for 20 minutes, all lifeless; 54°C. for 10 
to 15 minutes, practically all killed; 54°C. for more 
than 15 minutes, all killed; 56, 58 or 60° for 5 minutes, 
all killed. The larvse in dry galls are much more 
resistant than when moist. They are able to stand view of young male of 
temperatures of 58°C. or less for 5 to 20 minutes, anterior oest 

withonly pronounced reductions in the per cent alive, phageai bulb; c, ceso- 
while it required 60°C. for 10 minutes to kill all of te*riOTlsoXgeS’bSb; 
the larvm. Larva outside the galls in water are more E, digestive system; F, 
sensitive to heat than when in the galls, being killed 
by half the length of exposure necessary for whole vulva in the female; H, 
galls. The larvas in moist galls will withstand soaking ^“taih’ 
in fonnaldehyde solutions that are sufficiently strong u. s. Dept. Agr., Bui. 
to cause more seed injury than can be tolerated. 

In fall seedings, the method of overwintering of the pathogens has 
been disputed, some investigators contending that the larvae overwinter 
in the gfl,Ils and escape into the poil and infect the young plants in the 
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spring, while others believe that they are set free and live in the soil or 
locate in the seedlings. Most of the evidence favors the fall infection, 
but it seems that the exact behavior may depend on temperatures, time 
of seeding and available moisture. Apparently, ordinary winter tempera- 
tures would not be fatal to free-living nematodes of this species, as they 
have been subjected to 15 to 18“C. below zero without injury. 

Only in ife second larval stage does the parasite cou.stitute a source of infec- 
tion. All other stages of the life cycle are more or le.ss tr:in.sitory, unable to 
withstand unfavorable conditions, and unable to live or develop for any appre- 
ciable time outside the host plant (Byars, 1920). 

Because of this behavior, the galls mingled with seed wheat must 
be the principal agent by which the disease i.s introduced into the field or 
spread to new localities. Free larvm, mingled with the soil, may remain 
alive sufficiently long to be transported long distances, but it is believed 
that this method of dissemination is of very minor consequence. 

An interesting relation between the so-called Dilophospora diaea.se 
(Dilophospora alopecuri (Fr.) Fr.) of cereals has been e.stablished by 
Atanasoff (1925). This disease had been supposed to be caused by the. 
accompanying fungus, but it has been shown that the reputed pathogene 
can affect only hosts that are attacked by TylfnchiiK tritiei. The 
nematodes carry the spores of Dilophospora to the growing points and 
affect the host in such a way that the fungus is able to develop. 

Host Relations. — T, iritici is primarily a parasite of wheat, but it is 
also able to infect some other cereal hosts. It has been noted under 
natural conditions on spelt, and by artificial inoculations an abundant 
infection of emmer, rye and spelt, and faint infections of oats and barley 
have been reported. Some inoculations on barley have yielded no galls, 
and on oats only a very few minute flower galls, hence barley an<i oats 
appear to be very resistant, while rye, emmer and spelt are quite suscepti- 
ble. Flower galls due to nematodes similar to or indeiitical with T. 
tritiei have been studied on various wild grasses (Be-sscy, 1905) in both 
Europe and America. Investigators have mostly agreed that the slight 
morphological differences shown by the different collections are not suffi- 
cient to justify their retention as distinct species. Attempted inoculations 
and observations of wild grasses growing with infected wheat indicate 
that the various flower-infesting nematod«3 of wild grasses are either 
biological strains of a single morphological species or represent distinct 
species, since none of the ^rass forms have been communicated to wheat, 
and the wheat nematode has not given successful infections on any of the 
wild grasses. 

No extensive t®ts of varietal susceptibility are available, but Fromme 
(1919) records his experience with five varieties which showed from 44 
per cent of infected heads in Red Wonder to 74 per cent in Fultz, while 
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Fulcaster showed the highest per cent of galls in the harvested grain (31 
per cent) and Leaps' Prolific the lowest (23 per cent). 

Control. In considering the prevention of nematode infestation 
of wheat the following facts should be kept in mind: (1) The galls in seed 
grain consth,ute the principal source of infection; (2) galls that fall to the 
ground during harvesting operations of an infected crop may contaminate 
the soil ; (3) wheat is the principal crop that suffers from the disease, but 
other cereals may develop light infections; (4) the wheat nematode can 
only survive in connection with its host, either in the galls or on a living 
host, ^^'ith these facts in mind, the use of clean or nematode-free seed 
wheat and the rotation of ci'O'ps are suggested. 

Clean seed may be obtained in either of several ways: (1) by the selec- 
tion of seed from localities known to be free from the disease, either in the 
home environment or by sending away if necessary; (2) by the separation 
of the galls from contaminated seed if it must be used; and (3) by the 
hot-water treatment to kill the nematodes carried by the galls. Treat- 
ment of seed is advised only when it is impossible to obtain clean seed or 
when it is desirable to retain a valuable variety. 

Neither sieves nor fanning mill will separate all the galls but a complete 
separation ma}’' be effected by the salt-brine treatment. Pour the con- 
taminated seed into a 20 per cent solution of common salt (40 pounds to 
25 gallons) and stir vigorously to bring the light seed, galls or other trash 
to the surface. Decant the floating material into a second container 
covered wuth a cheese-clotH screen, then rinse the clean wheat in pure 
water and spread out to dry. The skimmings should either be burned, 
or if it is desirable to use them for stock feed, they may be soaked in 
boiling water to destroy the nematodes. As an extra safeguard to kill 
any nematodes that may be on the surface of the grain, the cleaned seed 
may be treated with hot water for 10 minutes at a temperature of 51 to 
52%j. 

Equally as good results may be obtained by the hot-water treatment 
alone. By this method the grain should be soaked for 1 hour in unheated 
water and then immediately immersed in hot water, using any one of the 
following effective combinations: 20 minutes at 52°C., 15 minutes at 
54°C. or 10 minutes at 56'^C. 

Crop rotation must be practiced if the previous crop of wheat was 
infected. Some of the heaviest losses have occurred in land cropped to 
wheat for a number of years in succession. The consensus of opinion 
favors growing a non-susceptible crop for three consecutive years, although 
two may suffice. For the first year a cultivated crop would seem prefer- 
able, since it will be desirable to eliminate all volunteer wheat and any 
other grass species which may possibly act as hosts. It should be noted 
that rye, emmer, spelt, oats and barley are to be classed as susceptible 
crops and so should be avoided during the period of the rotations before 
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the return to wheat. Until more specific information is available as 
to the communicability of the wheat nematode to certain wild grasses^ all 
those which are known to produce nematode flower galls should be 
avoided. Fromme recommends clover, alfalfa or some other legume for 
one or two years to be followed by corn for one year, before returning to 
wheat. 
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THE STEM NEMATODE 

: Tylmchm dtpsaci (Kiilm) BmL 

This pest invades mainly the stems and leaves of ife hosts, and pro- 
duces distortions or malformations of various types* The distortions may 
1)0 very evident or .in other eases they may not be especially obvious* It is 
of wide distribution, occurring in Euro|>e, South Africa, Australia and 
America. It is known to attack over 100 different species of host plants 
and has recently been reported as the cause of severe injury to straw- 
berries, red clover and atfaifa in the Pacific Northwest, The disease 
has also been found on hyacinths, narcissi, onions and rye in this country* 
On hyacinths and other bulbs it is known as the *^rmg disease/^ since 
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affected bulbs i?viieri cut across will show one or more characteristic dark 
rings or invaded scales. The alfected leaves are not generally distortetl 
or swollen^ but show yellowish streaks, and finally wilt and die pre- 
maturely, while the nematodes migrate into the bulb. Onion leaves are, 
however, sw^ollen and otherwise changed in form by this nema. In 
Great Britain it has been called the ''tulip-root'' disease. 

In strawberries it forms 

. . . swellings or galls in any portions of the stems, leaf petioles or runners and 
characteristic distortions of the leaflets, which become crinkled, misshaped, and 
dwarfed in size. The stem at the base of the fruit is often distinctly swollen 
and distorted, and when badly attacked the whole plant appears crunched down, 
crinkled and dwarfed (McKay, 1921). 

The symptoms of the disease on clover and alfalfa are very similar. 
The disease is localized in the crown and affected 

. , . stems are swollen at the base and brown in color. They are often brittle 
and easily broken off; in fact, this brittleness is one of the means of easy diagnosis. 
New buds and sprouts arising in the crown may be swollen, pale yellowish or 
cream-colored and of a spongy texture. Bapidly growing, succulent shoots 
that are affected are often swollen at their tips, or they may have swollen side 
shoots, thus carrying the disease from a few inches to a foot or more above the 
ground (Godfrey, 1923). 

This disease is one of the causes of the thinning out of alfalfa or clover 
fields, due to the killing of the affected plants. This parasite is one of 
the causes of "clover and alfalfa sickness," and its invasion of established 
alfalfa fields may shorten their life by several years. The nematodes are 
found in large numbers in the tissues of affected parts. 

The morphological species, T. dipsadj shows a number of specialized 
races or biological strains, including a red-clover strain, an alfalfa strain, 
the onion strain, the strawberry strain, the rye strain and a number of 
others. The exact degree of specialization is uncertain in many cases. 

Crop rotation is the principal method of control, and the use of a 
non-susceptible cultivated crop following the diseased crop is recom- 
mended. Red-clover fields should be plowed under not later than the 
third fall or wdnter after seeding, and sooner if they become materially 
diseased (Smith, 1922). Alfalfa fields that are showing a thin stand from 
the inroads of the disease should be plowed up and devoted to another 
crop. In the case of any infected field, the growing of a non-susceptible 
crop for three years should starve out the nematodes and make it safe to 
go back to the original crop. In bulb infestations the nematodes may be 
killed by immersion in water at a temperature that will not injure the 
bulbs. As recommended in Holland, an immersion for 3 hours at 110 
to 111®F. has been successful (Scott, 1924). 
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the CITRUS NEMATODE 
Tylenchulus ttemipemtratis ('ohh 

_ This is a nematode which works entirely upon the root system, attack- 
ing the small feeding rootlets. It does not form knots or enlargements 
but the mjury is accomplished by large numbers of females which bury 
the mtenor portion of their bodies in the root corte.x. It appears to be 
confined entirely to citrus hosts and has been found in California, Florida 
bpain, Malta, Palestine, Australia, Africa and South America. ’ 

Slightly affected trees may appear perfectly normal above ground, but 

Badly infested trees have the appearance of being undernouiished, the leaves 
are small and slightly yellow or mottled, the fruits small and dfteu unmarketable 
stunted and showing a marked .stateof deterioration (Thomas’ 

This effect upon the aerial parts is due to the killing of the feeding 

m the cortex, IS saccate, with a wide blunt tail bent towards the ventral 
Thtt-b' generally appear in groups on the surface of the 

boil particles commonly cling rather tenacioasly to affected roots, due to 
a mucilaginous material m which the eggs are embedded. In badly 
affected rootlets the cortex frequently slips from the central woody 
cylmder when the roots are dug up, or if affected roots are agitated ^ 
water, the cortex may break up into loose segments, which slide on the 
central woody axis the same as beads on a string 
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ROOT KNOX OR ROOT GALL 

,.Caconema radideola (Greef) Cobb {HeterodeTa radicicola (Greef) Muller) 

This disease is characterized on most of its hosts by the formation 
of characteristic enlargements on the roots, which have suggested other 
common names than root knot, such as '"root gall,” '‘eel worm disease” 
and “big root.” It occurs throughout the world in crops grown under 
glass, and is a serious pest in the southern portions of the United States 
and in other portions of the world with similar temperatures. In the 
more northern portions of the United States it occurs rather rarely in the 
open, appearing mainly in regions of high temperatures and in light, 
sandy soils. 

Symptoms and Effects.—Plants badly infested are dwarfed, wilt readily in hot, 
dry weather, and are usually a paler green than healthy ones. Where the attack 
is most severe, plants may be entirely killed. In heavily infested soil seedlings 
may be destroyed almost as soon as they get above the surface of the ground, thus 
causing thin irregular stands. In the case of a mild attack, only a small amount 
of dwarfing, together with a reduction in yield below the normal, is noticeable. 
Sometimes even the dwarfing is absent and the reduction in yield is not noticed 
(Godfrey, 1923). 

The enlargements on the roots may appear as small scattered, tubercle- 
like growths or as extensive swellings of either small or large roots. The 
knots may vary in size from scarcely noticeable swellings to hypertrophies 
an inch or two in diameter, and in extreme cases may involve nearly the 
entire root system. If the knots are cut across, from one to several 
dark specks may be noted in the cortex, marking the location of the 
pathogene. In the Irish potato the tuber suffers more than the roots, 
and when infested may show a rough, warty surface. Such tubers when 
cut across will show small brown necrotic spots just below the skin, in 
which enlarged gravid females or young larvae may be found. Affected 
organs, if carefully dissected or broken open, may show the enlarged 
females as pearly white, rounded or pyriform bodies, large enough to be 
seen with the naked eye (J4o Ms inch). 

It has been reported (Vuillemin et aJ., 1894) that in the oases 
of the Sahara Desert, plants affected by root gall endure the heat and 
drought better than normal plants. This should be of interest in connec- 
tion with the occurrence of root gall in arid regions of America. 

Etiology. — The larv^ develop to sexual maturity within the root 
knots, pair and a single female may lay as many as 500 eggs. The egg 
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undergoes segmentation either within the body of the mother or after 
being expelled, and the young larva emerges from the egg membrane 
thi-ough a hole which it pierces. The larvae may migrate in roots or 
escape into the soil where they may survive for months without any 
parasitic relations. By means of the buccal spear they penetrate young 
roots just back of the growing point, and by their presence stimulate the 
root tissues to abnormal activity, which results in the characteristic knots. 
In the warmer climates the root-knot nematode may pass through as 
many as 10 to 12 generations in a year, a life cycle being completed in 4 
or 5 weeks. 





Fig, 269.' — E,oots of tomato plant showing Kovere invasion by root-knot nemaiodea (After 

CL F. AtkinmuA ■ 

Host Relations. — The root-knot nematode attacks an enormous 
number of plants, its known hosts including over 500 wild or cultivated 
species. The following are listed as espoeiaily subject to the disease: 
(1) field crops, including alfalfa, clover, cotton, cowpea (except Brabham), 
sugar beet, sugar cane, sweet potato, tobacco and vetch; (2) ornamental 
and drug plants, represented by begonia, cineraria, clematis, coleus, 
dahlia, hollyhock, ginseng, goldenseal, peony, rose, sweet pea and violet: 
(3) truck crops, such as asparagus, bean, beet, cantaloupe, carrot, celery, 
cucumber, dasheen, eggplant, garden pea, lettuce, muskmelon, okra, 
onion, pepper, potato, salsify, spinach, strawberry, tomato and water- 
melon; and (4) tmodij hosts, the most important being the almond, 
catalpa, cherry, date palm, European elm, fig, mulberry, Old World grape 
vine, peach, pecan, Persian walnut and weeping willow. Many wild 
plants, including most of the common weeds, are also attacked. 
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The following list includes the more important cultivated plants 
which by their immunity or resistance are safe for use in crop rotations 
on contaminated land: barley, corn, rye, wheat and winter oats; sorghum, 
milo and kafir corn; red top, timothy and nearly all grasses; Iron, 
Brabham, Monetta and Victor cowpeas, peanut, Laredo soy bean and 
velvet bean. 

Control.— Root knot may be controlled by: (1) soil deriMzoMon, 

Cl ops under glass or in intensive cultivation in the open; (2) crop votoMon 



Fig. 270. — Section through a potato invaded by root-knot nematodes The worms are 
located in the necrotic areas just beneath the surface. {After W. A. Orton.) 

or growing a resistant or immune crop for at least 2 years; (3) early 
planting for certain varieties, which mature before the periods of high 
temperature; (4) and by the cultivation and high fertilization of orchards 
and ornamental plantings, with the avoidance of susceptible cover crops. 
Drowning by flooding has also been recommended where the land can 
be flooded for several months. 

Soil sterilization may be by steam, hot water or by chemical agents. 
Steam sterilization may be carried out by the perforated pipe or by the 
inverted-pan method (see U* S. Dept Agr. Farmers’ Bui 996; also 1320).- 




young root-knot worms just Imtrliod. fakon from a potato. 

• ■ ■ ■■ .if. B, Memhy,) ■ 


even total losses of lettuce and celery as lonf? as 4 months after treat- 
ment. Ihe later recommendation is as fcdlows: 

Cyanamid if applied at the rate of I ton to tljo aero and carefully and mii- 
' tf r f irriKated. The treat- 

(Wateon, mil ^ ^ “y form 

Cyanaimd that has caked in the bag is not safe to use, but should l)e in 

^anfde has also been used with success 
( wez, 1917), at the rate of 200 pounds per acre dissolved in water and 
applied at the rate of gallon per square foot of soil, followed by a 
similar application 1 week later. The treated soil must be aemted 
and leached well before planting. Watson (1921) recommends (MX) to 
SOO pounds of sodium cyanide per acre carried down to 18 inches depth by 
irrigation water, followed by the application of 900 to 1200 pounds of 
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For pots, flats or small benches boiling water may be used at the rate of 
7 gallons per cubic foot of soil (see U. S. Dept. Agr. Bid. 818). Accord- 
ing to Watson (1917), calcium cyanamid at the rate of 1000 to 5000 
pounds per acre can be used successfully on seed beds and truck lands 
under intensive cultivation, when irrigation can be practiced. Later 
experience with this chemical showed much injury from burning and 
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ammonium sulphate. Because of the high cost, this is only recommended 
for seed beds or very valuable truck lands. 

Consideration is also being given to the possibility of the control or 
root knot and other nematode diseases by means of predatory nemas 
(Steiner and Heinly, 1922) and to the selection and breeding of resistant 
varieties of crops (Malloch, 1923). 
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THE SUGAR-BEET NEMATODE 

Heterodera schachtii Schmidt 

In this nematode disease of the beet, the pathogene attacks the feeding 
roots and eventually induces the production of a large number of fine 
fibrous roots which clothe the main root in dense masses. This condition 
has suggested various common names, such as “hunger roots,” “bearded 
roots” and “hairy root,” and is very similar to the “whiskered beets” 
which characterize attacks of curly top. Because of the stunting of the 
tap root, the beet looks much like a celery root and so has been called 
“ celery root.” The sugar-beet nematode has long been a serious pest in 
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practically all of the important sugar-beet districts of Europe but 

first recognized in the western United States in 1907. ' 



(ho lan-al .skia; D, the adult mal?T IheTl u f ’ 

I>y Inrvte embeddod in the (issue«i'’c? ’the °i *‘'’*”*®* MwellinKs eaus 

ruotiet; H, the larval M lh..f 

ouocai spear of the adult. (After dramnaa bu StnAcl 


their penetrate the tissue of young absorbing roots; and 1 

activities cause their death, but no galls are formed as in root kno 
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1 he killing of the rootlets stimulates the beet to extra activity and the 
result is the formation of an abnormal number of rootlets, as noted above. 
When badly infested, the beet itself is stunted. An examination of the 
I’oot system of affected plants will generally show numerous, yellowish 
white, bead4ike objects, about Mo inch in length attached to the rootlets. 
Slight swellings may appear on freshly infected rootlets, but these soon 
disappear. The interference with normal root activity causes pallor, 
wilting, 3mIlo'wing and blighting of leaves, sometimes followed by rotting ■ 
of the crown. Beets not severely attacked may live until harvest, but 
the weight of both foliage and roots is reduced and the sugar content of 
the roots is far below normal. 

The adult female within the rootlet swells up and becomes lemon- 
shaped, thus bursting the cortex so that her body protrudes, and here 
she remains until fully matured and the eggs are ready to hatch. She 
then drops from the rootlet and the eggs hatch in the enlarged body of the 
mother. Under favorable conditions the larvse escape and seek new roots 
in which to feed. Under unfavorable conditions the covering of the 
female body may thicken, turn brown and constitute a protective sac for 
the eggs or young larvse, the so-called “brown-cyst” stage. This over- 
w'intering stage from which the young larvse may escape with the return 
of favorable temperatures is an important feature in the life history of the 
sugar-beet nema. 

The sugar-beet nematode is not co nfin ed to the sugar beet, but 
attacks all varieties of beets, practically all the cultivated cruciferous 
plants and is of less importance on a great many other hosts. There are, 
however, many resistant or non-susceptible crops which can be used in 
rotation series to free the land of nematodes. 

Since sugar-beet culture involves large acreages, many methods of 
control which might be effective are not practical, hence such practices 
as soil sterilization by steam and by chemical treatment are ruled out. 
In Germany the “catch-crop” method has been recommended by some. 
This consists of planting a rapid-growing, very susceptible crop, lilce rape, 
for example, which at the proper time can be plowed up and the roots 
exposed to the sunshine when the young larvse will be killed. This 
method, while possessing some merit, is too uncertain. Main reliance 
must be placed on crop rotation if fields are generally contaminated, using 
non-susceptible crops for 4 or 5 and preferably for 6 years because of the 
persistence of the “brown-cyst” stage. Localized spots, if not too large, 
may be successfully handled by heavy applications of quick lime. 
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Illust rations are indicated by bold-face numbers, binomials by italics. 

A 


Abies j rust, 709 
Ahst'ission layers, 41 
AbuHlorif arborcum^ 235 
.indie urn ^ 235 
thotn psohiij 235 
Acacia, 39 

Acanthorhunchm mcrinii, 613 
Acanlhofitignuif 547 
parcmiieumj iMiy 
.leer, campeslrej 207, 521 
rubrumf 60S ' 

Aeer%ailus, pL acorvuU, 382, 3S4, 492, 614, 
618, 636, 637 
Aehyla proUferaj 390 
A{*id soils, effect on Rhizoctonia, 778 
relation to eiul) root, 300 
Attreinoniuni, 619, 622 
Aerostalagnius, 619, 622 
Acimoniyces^ ckromogc/uLs, 330 
scabies, 292, 336, 339, 340, 362 
A{4 Inom y eetales, 20 1 
Act i iiomy costs, 336 
Aiiimmcma, 624 
Tom% 543 
Adams Act, 11 
Adlieso, 582 
Mekim, 383, 705, 706 
/E('i< iiospo res, 705 
/Endium, 409, 706, 712 
berberidis, 722 
elaiin am, 46 
eHridentuMf 39 
ifililoBporeH, 705, 706, 717 
JScio-telia, 711 

.^5cium, pL sscia, 382, 383, 705, 706, 
717, 727, 728, 743, 744, 749 
Aeration, need for, 120 
Aerial, conidiophores, 381 : 

potatoes, 769 
Agarieace®, 766 


Agaricus, 388 
melleusy 794 

Agropyroriy occideniale, 552 
stem rust, 726 
Agrostemma githago, 833 
Agrostis, caninaj 727 
stoloniferay 727 
Air relations of plants, 120 
Aira, hottnica, 727 
empitosay 727 
Albinism, 25 
Albinos, 28 
Albuginacese, 390, 424 
Albugo, 382, 393, 399 
blitiy 393, 424 

Candida, 38, 393, 407, 408, 409, 410, 
419, 424 

ipomoeoB-pandurancey 424 
portulaccBy 39, 393, 424 
tragopogonis, 408, 424 
Alder, 457 
black rot, 593 
mushroom root rot, 802 
silver leaf, 789 
Alfalfa, 41, 53 
Ascochyta leaf spot, 495 
Cercospora leaf spot, 495 
crown gall, 332 
crown wart, 441 
dodder, 813 

downy mildew, 30, 31, 426 
field dodder, 814 
leaf spot, 495, 496, 500, 520, 616 
Pleosphserulina, spot, 495 
root knot, 846 
rust, 495 

Stagonospora leaf spot, 495 
stem nematode, 842, 843 
stem rot or wilt, 520 
wilt, 376 

winterkilling, 159 
yellow leaf blotch, 495, 521 
Alfilaria, 239 
Algm, 6, 427 
853 
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AlkaJi, 72 
coil] position, 84 
(liking and flooding for, 84 
drainago for, effects on nitrifying bac- 
t(n*ia, SS 

effects on nitrogen fixing bacteria, 88 
injury, S4, 117, 226 
relation of irrigation to, 89 
.resistance to, 89 
■Allodus, 7.12 

Almond, crown and trunk canker, 423 
crown gall, 329, 332, 333 
nuishrooni root rot, S26 
root knot, 846 
rust, 709 
silver leaf, 789 
Alans, 4o7 
Alsike, rust, 758 
AUcni-ftria, 56, 574, 621), 622 
blight, 62 
cmNsa, 630 
fmcicNlata, 107, 630 
salatri, 625, 627, 62S, 62S 
BO 

Alternation of genenttions, in rusts, 713 
Alyssuin, 359 
club root, 359 
Amaranth, 454 
white rust, 424 
Amelanchier, rust, 759 
.American mistletoes, 823, 830 
American Pbytopathoiogical 8ocit4y, bS 
Amerosporium, 618 

Ammoniacal copper carhonate, 509, 538 

540 ' * 

Ammonium sulphate, effec^t on saiul 
. . . ■ drown, 62 ' 

Ampelomyees, 623, 624 
Arnphispores, 707 
Amygdalin, 517 
Amyl a<‘{9ate, 124 

Analin stain, usi^ with blight disinfectant, 

■ 32.1 . 

Anlmry, 353 
Amuuoue, rust, 70*1, 750 
Angular I(>af spot, 348, 349 
Animal parasites, 6 
Anmialism, 157 
Annulus, 800 
Anona ehrn'molia, 332 
Antlieridia, amphigenous, 392 
Anfhc'ridium, 390, 412, 527 


A n^/ioarcis nsajsa. .103 
Anthocyaniu, 30 

fo! matioii a,t low tt*mpera.tures, 15‘? 

A f'ithi'Ki'utitiiiuyi ()d(o'(7i 1/ /fi ^ 557 

Anthracnose, 31, 490, 500, 632 
Ainuraphib' jiersivti; inffer, 237 
Aphanom/ms, eultlclu's, 390 
leHb, 3t)0 

. 1 p/f < ’le ft ch 833 

roc(fphih(b, 833 
fmga/'iw, 833 
olebibtnb, 833 
rlizemaAkibl, 833 

Aphids, 245, 268, 270 ' 

corn, 2 15 
melon, 245 
peacii, 237 
spinaeli. 281 
■ Apiiib^ gmmipii^ 245 
maiplis, 215 
rkJnphiltp 215 
Apiftbpariki} 45 

Ap.la.nobac.ter, 292 
Apotheciuim 385, 386,, 51 - 

Appendages, 386, 527 
Apple, 39, 4 b 42, 50, 51 
anthraenose, 501 h 520 
Baldwinspof, 1 17 
bitter pli, 99,160,101, 117 
bitter rot, 56, 613 
black rout rot, 61 1 
black rub 2s, 5s5, 687, 683, 612 
blaek»spot canker, 520 
blister, 117 
blister canker, 613 
biotcii, 657 

blue mold. 66, 5f,, 5 1 1 , 653 
Ifcrdeaux injury, 211, 212, 213, 217 
bmwn heart, 102, 210 

I.rowii heart, reiathm i.if earfuai .Ik.xi.ie 
to, 302 

iirott-n rot, 478, (si 

fmwii spot. !){j 
l«irr kiiolH, ii2H 
etitikcM', uMi 

eoiitlueiit hitter jiit, 1 1 “ 

fork, !)7, 117 

crinklK, « 7 , 117 

crotvti Kail, 86 , 326, 326 , 333 

drooKht Mpot, 5)7, lit) 

dry rot, 97, 117 

Otetem (itiiiice riwt, T.’iO 


INDEX 


Apple, eastern, rust, 748, 759 
European canker, 611 
fire blight, 36, 288, 293, 307, 309 - 313 , 
■ 318 

frog eye, 31 

frost injury, leaves, 162 
frost injury to young fruits, 155 
fruit spot, 97, 658 
hairy root, 294, 328 
hollow, 97, 117 
internal l)rea,kdown, 56 
internal browning, 127, 210 
Jonathan fre(*kle, 07 
Jonathan spot, 97 
leaves. a.rsenicai injury, 225 
lime-siilt>hur injury, 218, 219 
ii(‘ge, 96 

I it tie- leaf disease, 162 

measles, 100 

mildew, 634, 536 

moldy eor(\ 100 

mushroom root rot, 802 

niter burning, 73 

Pacific- Coast canker, 520 

Phytopiithora rot, 424 

powdery mildew, 532 

punky disease, 97, 117 

rust, 709, 740, 743, 744, 756 

scab, 51, 382, 3S3, 565, 671 , 672 , 615 

scald, 07. 121, 122 , 123 , 128 

i8epto!.>asidium canker, S05 

silvtT leaf, 782 

smallpox, 100 

spot diseases, 96, 97 

spot nc‘crosls, 97, 116 

spraying, 581 

stigmonose, 97 

stippen, 96 

stippigfieekigkeit, 96 

stippigwerden, 96 

sun s(*ahl, 137 

superfi(*ia.l bark canker, 656 

water core, 115 

woolly streaks, 95 

York spot, 97, 117 

Apple of Peru, early blight, 630 

Apples, 451 

Brogdcnx treatment, 127 ' 
spott(H'l, 96 

Approssoriuin, 524, 637, 728 

Apricot, black rot, 593 
brown rot, 479, 484 
California blight, 32, 657 
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Apricot, crown and trunk canker, 423 
fire blight, 318 
root rot, 613 
rosette, 237 
rust, 709 
silver leaf, 789 
Arahis alpina, 413 
Arbor vit«, black leaf spot, 52 1 
Armillaria, 766 

mellea, 37, 54, 376 , 794, 796, 798, 799 , 
800 , 802, 809 
mucida, 762 
root rot, 794 
Aronia, rust, 759 
Arrhenatherum elatius, 529 
Arsenate of lead, 487 
Arsenical poisoning, 225, 627 
of orchard trees, 172 
Arsenicals injury from, 209, 224 
Arseni te, of lime, 223 
of soda, 223 
Arthropods, 6 

Artichoke, downy mildew, 425 
Ascocarp, 386 , 470, 522 
Ascochyta, 495, 623, 624 
chrysanthemif 
de7natidina, 660 
Asco^nyces deformans^ 462 
Ascomycetes, 379 
Ascospora heijerinchii^ 612 
Ascospore, expulsion, 556, 557, 604, 606 
wind dissemination of, 607, 615 
Ascospores, 379, 381 , 386 , 386, 463, 547, 
664 , 663 , 576 , 692 , 606 
Ascus, pi. acsi, 379, 381 , 385 , 463, 470, 
537 , 654 , 563 , 676 , 692 , 606 
Ash, black rot, 593 
Asparagus^ officinalis, 719 
root knot, 846 
rust, 714, 759 
Aspergillaceas, 522, 541 
Aspergillus, 339, 382 , 385, 455, 522, 619, 
6*22 

fimum, 541 
niger, 541 
phoenids, 541 
Asphalt paint, 321 
Asphaltum paint, 792 
paraffin, 793 
Asphyxiation, 59, 196 
of potatoes, 132 
of roots, 121 
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Atiter, offects of hish tompcrature on, 

orango riLst, 709 
stem rot, 51 
yellows, 3S5 
Asterocystis, 428, 441 
Atomic sulphur, 582 
Atrophy, 26, 36 
A uc u ba ja po n i cn , 2 78 
Autumnal colorations, 25, 31 
Ax'Cua, 542 
Avocado, 332 
Azalea, 41 

mushroom root rot, 802 
A/A’-gospore, 442 

B 

Bacillm, 292 

amylotwouis, 17, 2S, 44, 315, 796 

(liroscpticm, 54, 347 
catnpeHtrw, 302 
camtomrm, 53, 293, 347 
niehmia^ 56 
nmnilanii^ 246 
sol(imcearnnij 36 
iracheiphilua, 36, 292, 340 
Bacteria, 6 

action on their Iiosts, 297 
avenues of entrance, through nectaries 
296, 316 

through stomata, 295 
through water pores, 296, 304 
tlirough wounds, 294 
location in diseased tissue, 205,296, 297 
morphological tyj)es, 290 
relatioii to hloss<un-end rot, 108 
relation to virus (Ikeases, 246 
in root tubercles, 297 
Bacteriaccic, 291 
Bacterial ciiseases, 288-300 
ooze, 312, 315 
Bncterium, 202 
camjwHtn^ 302 
nectarophihmi, 308 

prnnij 32 

(nw^Jaciem, 324, 329 
Baldwin spot, 2 
Balnophoraceaj, 811 
Banana, bunchy top, 285 
Banded fruits, 156, 157 
Hart, my, bacterial l(,af spot, 293 
<u*adication of 10, 735 
Htcm rust, 722, 725, 726, 728, 739 
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136 Barley, covered smut, 633, 702 
dwarf leaf rust, 721, 739’ 
late blight, God- 
loose smut, ik\4, 702, 887 
net blotch, tilt), (>54 
powdery mildew, 529 
seedling blight, 611 
seedling <iiseascs 805 
stem rust, 72t>, 739 
stripe disease, t‘,54 
yellow stripe rust, 72 i, 739 
Barnyard manure, 3tH) 
c‘fFc‘ct on sand drown, t>2 

Barnors u«- in oonln.l of uiurtirooiu 
root rot, 803 
Basirhornycefes, 760 

Ba«i,ii„sporf.s, 37'), 380, 7(>H. 7(i3 7<)s 

800 ’ ’ 

Basidjum, pL basidia. 379, 380, 381 3gg 
617, 762, 800, 70S ’ 

Basswood, 593 
Bast miner,. Ii07 
Bastard toadflax, 811 
Bean, ant h ramose, f»32, 634 
blight, 348, 632, 63-1 ’ 
hors{% 640 
jack, 640 
lima, tUO 

mosaic, 241, 2-12, 249, 286 
pod cankf>r, 632 
pod spot, 632 
Hhkoettmia, ti34, 770 
root knot, 541 
rt:M>t rot, 541 
rmt, 635 

Bwirlet Huniicr, 6-40 
speck, 632 
spot disease, 6^i2 
am scald, 182 
tepary, 640 

White Dutch liunner, 640 
wilt, 376 

iiearded 8 19 

Beech, canker, t$B 

111 usli room root rot, 802 
nniforni white sapwood nd, K06 

Be<?s, as diwininaturs of fire blight, SIR 

Beet, 54 
crown gall, 3,'}2 
dainpin(j-oflf, 42« 
dry heart rot, 615 
leaf spot, 654 
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I Beet, mosaic, 285 

I RMzoctonia, 779 

I root knot, 846 

•'i ' rust, 709, 760 

j , scab, 342 

I seedling disease, 805 

i Begonia, 41 

j nematode, 833 

I root knot, S4f> 

j Belted fruit, 156, 157 

4 Berberis, ihimhergii, 736 

‘ tmlgaris, 726, 736 

Berkeley, 8 
Berlese, 10 
Beiuldy 457 

alba, 207 * 

Biennials, amiualism in, 157 
Big root, 845 

Biological species, 529, 537, 713, 723 
Birch, 207, 457 

, mush room root rot, 802 

silver leaf, 789 
Bird cherry, 565 

; Birds, carriers of chestnut tree blight, 606 

1 carriers of mistletoe seeds, 827 

I Bird’s nest fungi, 763 

Bitter pit, 2, 5, 26, 36, 96-107, 99, 100, 

j 101 

effects of irrigation on, 104 
theories as to cause, 102 
Bitter rot, 30, 56 
Bittersweet, 437 
Black, alkali, 85, 86 
arm, 294 
Black, chaff, 299 
cherries, 513, 517 
heart, 128, 130, 163 
of pota.to, 5, 26 
h<‘uhane, early blight, 630 
kni>t, 43, 327,' 559 
leaf, 40, 226 

leg, 54, 263, 293, 299, 347 
lines, 801 
molds, 442, 617 
mustard, black rot, 305, 302 
nightshade, 437 
early blight, 630 
mosaic, 283 

rot, 39, 107, 110, 293, 300-307, 477, 585 

canker, 585 

rust, 705, 721, 724' " r 
scab, 432, 769, 700 


Black, scurf, 769, 770 
speck, 769, 770 
scab, 769, 770 
spot, 295, 568 
canker, 44, 500 
fungus, 568 
scab, 568 
thread, 424 

walnut, crown and trunk canker, 423 
wart, 432, 433 
Blackberry, 441, 451 
crown gall, 326, 332, 327, 329 
mushroom root rot, 802 
orange rust, 759 
short-cycle rust, 756 
yellow late rust, 760 
Bladder plums, 38, 40, 468 
Blanching, 180 
Blastocladiacese, 423 
Bleaching powder, 582, 642 
Bleeding, 26, 51, 225 
Blight, 26, 36, 441 
Blighting of foliage, 779 
Blister, 97 
rust of pine, 19, 756 
Blossom, blast, 454 
blight, 307, 309, 474 
drop, 41, 96 

end rot, 55, 107, 109, 111 
infection, 664 
shedding, 95 

Blue grass, stem rust, 727 
Blue mold, 66, 56, 124, 382, 589 
Blueberry rust, 758 
Bluestone, see copper sulphate 
Body blight, 312 
Boiley, 18 

Borax, effect on, beans, 82 
corn, 80, 81 
cotton, 80, 81 
potatoes, 79 
tobacco, 80 
injury, 72, 78 
in potash salts, 78 

Bordeaux, 17, 334, 404, 421, 466, 494, 
509, 518, 538, 567, 581, 595, 631, 678, 
699 

burning, 211 

control of leaf hoppers, 144 
formulas, 214, 215 
injury, 209, 211-218, 212, 213, 519 
relation to weather, 215, 216 
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Bordeaux, injury, susceptibility of species 
to, 216, 217 

neutral, 540 


paint, 321, 594, 792, 804 
' scald, 211 
Boron, 78 ■ 
toxicity of, 83 
Bos, J. liitzeina, 10 
Boston ivy, downy mildew, 421 
; .Botryodiplodia, 623, 624 
' Boiryosphmria, 547, 562 
rihisj 613 

Botryosporiiim, 619, 622 
Botrytu, 56, 44% 450, 574, 61% 622 
dnerea^ 652 
infestanSf 399 
viiicoki, 417 

Brachppmiium sybaiicumi u5, 557 
Brasdca spp., alba, 413 
black rot, 305 
cainpedns, 359 
cMneusis, 305 
napm, 350, 413 
nigra, 413 

oleracea, 354, 359, 413 
oleracea botrytb, 413 
rapa, 359 

Breeding and selection, 19 
Brefeld, 8 

Bremiia, 394, 395, 426 
lactucm, 394, 426 
Bridge grafting, 173, S04 
Bridging species, 529 
Brogdex, treatment, 127 
Bromiis, 529 
erect us, 557 
stem rust, 726 
Broom rape, 812 
Brown, cyst stage, 851 
heart, 102, 124 
leaf rust, 739 
p^itch, 805 

rot, 39, 57, 292, 347, 416, 423, 472 
476, 47% 47% 490 
American, 481, 484 
European, 481, 4M 
spot, 585 
stem, 769 
Bnmchorstia, 618 
Brussels sprouts, 305 
chib root, 359' ' 

B.TaS., 582 


BucMoe dadylouies, 47 
Buckeye rot, 423 
Budding, 380 
Bud injury^ winter, 160 
Bud rot, 54 
coconut, 55 
Buffalo grass, 47 
Builaria, 712 
Bundle hrowiiing^ 36 
Bunt, 39, 666, 670, 6S2, 703 
Burgundy mixture, 421, 509, 540 
Burls, 811 
Burning, 137 
Burrili, 11, 17 
Burr-knot, 328 
Bursa, 83S, S3!) 

bursa-padoris, 413 
Button rot, 365 

G 

Cabbage, 55, 441 

biack rot, 2!»;k 200, 209, 300-307 
blaekieg, 305 

club root, 37, 353-361, 364, 359 
downy mildew, 426 
seedling disease, 805 

turningsweet, 158 
w'liite rust, 413, 424 
wilt, 305, 654 
Cabbage, Chimw?, mmuk\ 245, 286 
Cacao, pod rot and c‘ank«*r, 424 
witches' broom, 468 
Vtiemwmi, 832 
radmeak, s:i2, 833, S45 
Cacti, Phytophthora disease, 424 
Cmarm, TOtl, 712 
deftmmuh% 47 
nmkimi, 38 
niiem, 756 
Caladkim blight, 424 
Cbdamigrastk eptytios, 555 
Pakimiriim memiesii, 239 
Caidurn, 5H 
aramate, 404 
eyanamid, 848 
pecftinate, 59 
poiyaulphide, 221 
thiosulphate, 221 
Calico, 278 

California blight, 41, 52 
(dahmctriu, 5"I5 

graminimlaf 611 
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Calosphmria, 547 

princepSj 612 
Calyptospora, 711 
cohimnaris^ SHj 75S. , 

Carnarosporiiim., 623, 624 
Cankers, 26, 44, 307, 312, 313, 350, 475, 
477, 500, 501, 502, 506, 585, 699 
brown rot, treatment of, 484 
holdover, 313 
winter sunscald, 174 
■Cantaloupe, root knot, 846 
Capillitiiiin, 352 

Capsid bugs, possible vectors of leaf 
roll, 269 

Carbohydrates, 58 
Car]>on, 58, 59 

Carbon dioxide, liberation, 120 
relation to scald, 124 
Carbonate of soda, constituent of alkali, 
88 

Carnation, bud 'rot, 54, 653 
Iea;f niold, '654 
Rh'izoctonia, 779 
rosette, 328 
witches* broom, 328 
Carpinus, 457 
Carrion fungi, 376, 764 
Carrot, downy mildew, 425 
Ehijsoctonia, 779 
root knot, 846 
soft rot, 203, 347 
Carya (waidj 60S 
C’tisein spreader, 223 
Cassia tomenfosnt 42 
Cassytkay SI 1 
JUiformiSy 811 
(UhstaneUy treinafay 598 
dcfiiata, 507, 607 
nmlHssimay 597 
pumdlay 607 
Gastanopsis, 607 
Castilleja, rust, 757 
Castor beans, crown gall teratomas, 328 
gray mold, 520 
seedling and leaf blight, 424 
Catalpa, root knot, 846 
yellowish -wood rot, 807 
Catch x>Iants for SO 2 , beans, 206 
grape, 206 

Lnjmvus angustifoliuSy 206 
Polygonum, 206 
Rheum, 206 
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Catch-crop control, for sugar beet nema- 
tode, 851 

Catkin disease of alder, 460 
Cauliflower, 615 
black rot, 292, 300, 302, 303, 305 
club root, 354, 359 
crown gall teratomas, 328 
disease, 432 
white mst, 413 
Ceeidology, 42 

Cedar, apples, 43, 709, 740, ,746, 746, 747 
mushroom root rot, 802 
witches’ broom, 759 

Cedars, destruction for apple rust con- 
trol, 753, 754 
Celery, mosaic, 286 
root, 849 
root knot, 846 
soft rot, 347 
Celosia cristata, 50 
Celiis ocddentalis, 46 
Cement-dust injury, 190 
Cenangiaeese, 471 
Cenangium ahietisy 521 
C epkalothedum, B1%Q22 
roseuMj 574 
Ceratiomyxa, 352 
Ceratophoriim, 622 
Ceratostomella, 547 
fimbriata, Qi2 
pilif era, 612 

Cercospora, 382 , 620, 622 
heticola, 654 
concors, 626 
medicaginis, 495 
spot, 627 

Cercosporella, 30, 619, 622 
Cereals, ergot, 611 
lodging, 183 
powdery mildew, 542 
seedling blight, 611 
snow mold, 611 
stem rust, 713, 721, 760 
tabular comparison of rusts, 721-739 
Certified seed, 271 
Chsetodiplodia, 623, 624 
Chard, leaf spot, 654 
Cheimnthus cheiri, 413 
Chemical treatments, for barberry eradi- 
cation, 736 
Cherries, 451, 457 
Cherry,' 41, 43, 49, 52 


CJherry, anthraciiose, 507 
black, 550 
black knot, 612 
Bordeaux injury, 213, 217 
brown rot, 470, 484 
California blight, 32, (>57 
crown and trunk canker, 423 
<!.iirl, 46S 
fire blight, 318 

letif spot, 32, 511, 512, 521, 657 
nuishroorn root rot, S02 
powd<‘ry mildew, 49, 538, 513 
root knot, S46 
root rot, 613 
rust, 709 
shot hole, 32 
silver leaf, 780 
soft or watery rot, 442 
witches’ f>roon'i, 468 
Chestnut, 811 

blight, 10, 373, 50(i, 699, 614 

' leaf spot, 29 
inushroorti root rot, 802 
Chick weed, 230 
Chicory, 20l> 

Chilean dodder, 814 
Chillies, 454 

Chinese cabbage, black rol, 300, 302, 303 
305 

ChiiKiuapin, eastern, fU)7 
western, 607 

Chiarnydobacteriah^s, 291 

Chi^ydosponts, 378, 380, <i!7, ()(i2 
ChlopQsis, 26, 27, 8fi, 333 
infectious, 233, 234 
non-infectiou«, 233 
(■’hoanephora, *543 
ciicurbitnnim, 464, 456 
Chokecherr^^ 38, 613, 617, 518. 6<M). 
'jnrysantiKnnuiTi, leaf ncnmtocic, 833 
ray f)iight, (560 
nisfc, 769 

<^hrymnlhrmnmjr,tte.m'>,><,:i24: 

f'hnfHomyxa wiini, 71 ), 757 
Ciirysophlyctis, 434 
yiupp, 16, 17 

Chyti-idial™, 352, 390, 427, 430, 434 

' ic non urn- iHtyh'ua^ 206 
Cilia, 378, 330 
Caneraria, mosaic, 286 
root knot, 84-6 
i'ifriiH, brown rot, 423 
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Citrus, canker, 10, 350 
Diplodia, fUiO 
foot rot, 423 
gum diseasfs -123 
gumrnosis, 423 
knot, 650 

mai <ii gumma, -123 
mushroom root rot, S02 
nematf)de, 844 
root nematode, S32 
scab, 568, 65() 
wither tip, Vhu 

Citrus iniits, biue-juold ?*ok 5U 
meianose, 659 
stem-emi rot, 659 

Citnw U-ev-s, cyanide fnniigaf i<m injury, 

('IwioHponom., 620, 622, 7 IS 
carpophiinm, 654 
eihi, 656 
fidvfitiK 31, ihYA 
CiampconneiUioiH, 761 
Clasterosptu‘ium 620,622 
Clavaria, 387, 388 
Clavariacaae, 764, 865 
(Imirepn, 38, 515 
miemrepimith 557 
■pmpaiL 553 

purpumL 548, 5- l!l, 553. 664, 557, 6 H '■ 
Clay soils, relation to Ijorax injiirv, 83 
deistot heel urn, 386 

( irii^Mheeopsi,^^ 523 
dmutitos, 542 
Clfunatis, 846 
leaf spot, 6fHt 
stem rot, 6611 , 

Clements, 15 

795 

Clover, bkek spot, 612 
decider, H!3, 820 
downy mihlew, 426 
field dodder, 814, 820 
leaf spot, 616 
powdfwy mildew, 5-12 
?nosfik% 241, 245, 24tl, 28f^ 
nmi knot, 846 
met, 758 

%hienilimi leaf spot, 616 
Htefii nematode, 843 
iitem rot or wilt, 520 

.wilt, 376 , . . , , , 

Club fool, 353 
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Chih I'oot, (), 37, 43, 305, 353, 354 
353 

(.liunp foot', 353 

(nuHtt‘r cups, 382, 705, 725, 728, 743, 744 
('V)al till-, 594, 792, S29 
(\}ccom.ifce,% 32, 471, 511, 51G, 517, 518, 
657 

hiemalis, 41, 512, 513, 514, 616, 516, 
521 

lufcu'CNi^, 513, 516 
pnuiophonr, 516, 617, 521 
Cock s comb, 50 
Cockspur, 540 
Coconut, hud rot, 424 
red ring, 833 
rut- disease, 833 
CofTee, rust, 758 
Coid rij^or, 135 
CbleosporiaeeiB, 710, 712, 756 
Coleoapoiia 711, 756 
soluhujinis^ 700 
Coleus, root knot, 846 
Collar, 445 
blight, 307, 314 
rot, 1,61, 171™173, 796 
Collards, bhude rot, 305 
CoUetoiriehum, 31, 621, 623 
523 

glavo,^porioi<le>ij 657 
613 

lagenarium^ 640, 656 
IhufemulMmuim^ 632, 636, 637 
lim\ 145 
(dolioiris, 150 
( k>lo('a'isia blight, 424 

< k>iorado potato beetle, 140, 281 
Columella, 446 

< kanaiuira, rust, 751, 811 
('omes, 10 

Common dodder, 814 
(Jompass plant, 180 
Complelixna amiplenSj 443 
Composites, powdery mildew, 542 
Comptonia, rast, 757 
Corichs, 54 

Coriidiophorcs, 382, 399, 626, 626 , 

Coiiidi um, pL conidia, 378, 379, 380, 
381, 390, 625, 617 
Conidospores, 378 
Coniferous seedlings, 779 , , 

lime chlorosis, 75 
smothering disease, 805 


Coniferous timber rot, 806 
Conifers, brown felt blight, 616 
brown rot, 808 
Lenzites, dry rot, 809 
pecky rood rot, 808 
red heart rot, 807 
ring shake, 808 
root rot, 520 
white-felt blight, 616 
Coniophoraj 7%4: 

cerebella, 805 
Coniosporium, 620, 622 
Coniothecium, 620, 622 
Coniothriuin, Q2S, 624 
fuckeli'i^ 616 

Conjugate division, in rusts, 713 
Conjugation, 379, 380 
Contagium vivum fliiidum, 233, 247 
Cooke, M, T., 16 
Copper carbonate dust, 679 
treatment for bmit, 20 
Copper sulphate, 404, 466, 678 
dehydrated, 583 
injury to seeds, 228-229 
barley, 229 
oats, 229 
wheat, 229 

potato scab treatment, 343 
Copper-arsenic, 404 
Coral fungi, 388, 389, 764 
Cordley, 18 
Cordyceps^ 545, 612 
militarise 612 
Coremium, 382, 383, 618 
Cork, 5, 117 
russeting, 211, 212 
Corky end, 362 
scab, 362 

Corn, 38, 43, 48, 49, 429, 441, 552, 643 
, bacterial ear rots, 646 
brown spot, 429, 441 
common smut, 664, 690-701, 692, 693, 
702 

downy mildew, 425 

dry rot, 56, 643, 645 

ear rot, 643 

head smut, 48, 690 

kernel smut, 690 

mosaic, 243, 244, 245, 249, 286 

root stalk and ear rot, 611 

rust, 709, 760 

smut, not poisonous to cattle, 699 
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Corrosi VO sublimate for eiub root, 36 
for potato scab, 343, 344 
Uoriiclum, 3S8, 764, 773 
vcurwm, 769, 77o, 776 
Coryrieum, 621, 623 
beujennckii, 32, 41, 657 
Cotton, 445 

angular leaf spot, 293, 348 
anthracnose, 613 
black arm, 294 
boll rot, 294 
crown gall, 332 
root knot, 846 
sore shin, 34, 779 
stenosis or smalling, 286 
Texas root rot, 652 
wilt, 656 

Cottonseed meal, effect on sand drown. 

Cottony leak, 423 

Cover crop, effect on alkali, 90 

Cow wheat, SI 1 
Cowpea, 640 
heat injury, 137 
root knot, 846 

Crab apple, fire blight, 318, 319 
rust, 752 

Cracking, beets, 94 
carrots, 94 
herbaceous sterns, 94 
potatoes, 04 
turnips, 94 

Cracking of fruits, cherries, 95 
plums, 95 
tomatoes, 95 
Cranberry, 38, 387 
blast, 614 
end rot, 659 
gall, 441 
hard rot, 520 
red leaf, 387, 805 

rose bloom or Massachusetts faiH<> 
blossom, 387, 805 
rot, 613 

tip blight or cotton ball, 520 
Crataegus, 318, 457, 570 
Creosote, 803, 82tl 
Cress, white rust, 413 
Crinkle, 97, 277 
Cronartkeea^, 711, 712 
Prmuirtium^ 711 
eereirrumj 756 
eokm'/frrHmkx 756 


Cnvmriiurfi, cmnptomm^ 756 

ocddcrtfah\ 756 
pijrlfornie, 756 
ribicola, 709, 756 
Crop-rotation, 306, 360 
for bunt, 67S 
for (!orn smut, 699 
for dry rot of corn, 651 
for root knot control, 847 
for sugar hcfu insnatodc^s, S56 
for wheat nematodt\s, n4| 

Crown gidi, 18, 30, 43, 294 297 
323-325, 326 ‘ ' ’ 

hard, 326 
soft, 326 

Crown Hit, 37, 161, 17kl73, 794 
Crown rust, 713, 739, 759 
62 Crown wart, 441 

C rucifer.s, blu<*kleg, 658 
chib root, 352 
dijwny mildtnv, 426 
whittM'usi, 407, 414 
Crypostictis, 623, 624 
PTypbhspfrreiiti, 547 
612 

tdiicola, t>13 

, Crypb^sporium, 621, 623 
Cucumf^fT, 455^ 
angular htif spot, 340 
beetle, 245 
black rot, 615 
cottmiy leak, 423 
downy mildew, 425 
mufiiitv, 243, 245, 286 
nubbin, 243 
root knot, 846 
\rarl disease, 243 
white pickle, 243 
wilt, 34-6 

^ wilt, following Iigfit d<4if‘iency, 179 
Uiummis miirm, -loo 
C5icurl‘>itac{*ie, mosaics 241 
Cucurbits, anthraenohc, t;56 
downy iiiildew, 425 
mildew, 529 
mosaic, 243 

i^lycosphaertdia wilt, 615 
fwvdiTy mildew, 542 
wilt, 299, 346 
Cultivation, effects on alkali, 90 
for control of cherry leaf spot, 518 
Oip fungi, 385, 470, 520, 617 
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Cup shake, 162 
Ciirculio, 476 
relation to brown rot, 487 
Curing, sweet potatoes, 449 
Curling, in potato mosaic, 275 
Curly dwarf, 36, 50 
unmottied, 273 
Curly leaf, 459 

Curly top, 233, 236, 237-240, 238, -239 
Currants, 451 
anthraenose, 490, 491, 520 
blister rust, 709 
cane blight, 613 
crown gall, 332 
leaf 614 
sih’er leaf, 789 
Cusctd(ij 0, 811-813 
arvensU^ 814, 820 
cjdthynium, 813, 819, 820 
f/roaom, 814 
indecora, S14, 820 
penfagona, S14 
plani flora ^ 814, 820 
racemom chileana^ 814 
Cuseutacea}, 811-813 
Cycloeoniiinu 620, 622 
Cylindrocladium , 622 
Gyiindrosporiiim, 513, 614, 515, 516, 
621, 623, 657, 658 
padi, 513 
Cymlings, 454 
C.ystidiuin, 388, 763 
Cijstopus^ 409 
caHdidia% 409 
(!*ysioi^pora^ 352 

ImfMta, 352 , . .. . 

Ci/iinm kypoeistus, 812 
Cytmis kirsutus, 235 
Cytoplasm, 371 
CyioHpora, 160, 314, 623, 624 
chysorSperma, 659 
Cytosporella, 623, 624 

D 

Dahlia, heat injury, 137 
root knot, 846 
Daisv, crown gall, 326 
Damping-olf, 26, 34, 138, 186, 306, 422, 

424, 779, 805 
Darhii% 623, 624 
Jllum, 718 


Darnell-Smith, 20 
Dasheen, root knot, 846 
Dasyschpha, 471 
calyeinaj 520 

Date palm, root knot, 846 
Date smut, 541 
Datura, 630 
De Bary, 8, 9, 17 

Deciduous trees, brown-checked wood, 
rot, 808 
sap rot, 807 
white rot, 808 
Degeneration diseases, 273 
Delacroix, 10 

Dematiacese, 618, 620, 622, 628 
Dendrophagus globosus, 324 
Devils’ guts, 813 
Devil’s hair, 813 
Devil’s ringlet, 813 
Dews, relation to asparagus rust, 719 
Diahroiica, 299 
duodedmpunctata^ 245 
245 

Diagnosis of illuminating gas injurjy 196 
Diaporthe, 54:7, 001 
hatatis, 614 
parasitica, 597 
phaseolarum, 614 
taleola, 614 
umbrina, 614 
Dibotryon morhosum, 562 
DiccBoma, 712 
anomalum, 739 
asperifolii, 739 
clematidis, 739 
ghimarum, 739 
poculiforme, 721, 726, 739 
rhamni, 739 
Didy maria, 619, 622 
Didymellina, 547 
iridis, Ollt 
Didymosphosria, 547 
popvMna, 615 
Dieback, 68, 93, 159, 585 
citrus, effect of ammonia, 73 
Dilophospora alopecuri, 840 
Diplocarpon, 523 
earliana, 543 
rosm, 31, 543 
Diplodia, 591, 623, 624 
macrospora, 646 
natalensis, 660 
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Diplodin xe<r, o6, 043, 646, 647 
Diplodinn, (>28, (>24 
Discoinyeotes, 470, o44, 617 
Disease, eoinniercial aspect, 2 
definition of, 1 
individual aspect, 1 
localized, 1 
S5'stejnic, 1 

Dissemination of bacterial diseases, 299 
by aphids, 303, 3.16, 320 
by fertilizers, 290 
by insects, 299 
by nematodes, 200 
by pruning tools, 316 
by 299 
by slugs, 303 
by snails, 200 
by various animals, 209 
by wind, 316 

DidicMis s^ncaia, 700, 713 
Distillates, injury from, 226 

Dodder, 6, 811, 813, 816 

Dodder seed, 820 
removal of, 82! 
by Dosser machine, 821 
by magnetic process, 821 
by. sieves, 821 
Dogwood, black rot, 593 
Dolichos, 640 
Dorranee, 10 
Dothichiza, GIS 
popnlea, 661 
Dothidella, 612 
Dothidiacefe, 540, 612 
Dothidialos, 545 
DothioroIIa, 623, 624 
Douglas fir, 811 

Downy mildew, 49, 382, 390, 391, 409 

414,416,418,422,617 

alfalfa, 30 
<mcurbits, 30 
grape, 30 
lettuce, 30 

Downy Wf)odpef;kc‘r, 606 

Dramap water, as carrier of dnh rmi, 
350 ’ 

Dried blood, effect in sand drown, 62 
Dropst’-, 41 
Drought; effects, 93 
Drouglit spot, 5, 07, 1 16 
Dry ring rot, -Idff 

i>ry rot, 97, lOfI, 3fi5^ ■ . 


Dry rot of corn, 643-651 
I^wggar, 15, 16 
Dusting, IS 

for apple po^cdery mildew, 540 
for apple seal:), 5S2 
for brown rot, 487 
for cherry lea,f s]>ot. 518 
for currant antiutnmose, 494 
for late blight, 404 
machines, for sc^mJ trerdinenl, 670 
for tlowny mildew of gra]>e* 422 
fur powdery mildew t,f 422 

for wht*at si f>m rust, 735 
ytii sulphur for asp:,n,g„s -o, 
Dwarf leaf rust, 739 

Dw.'irf or sonly uustloloos, (i, sil, 830 

Dwarfing, 2(K 36 

E ■ 

Enrkn, 712 
speemm, 760 

Karly blight. 404, 625, 626., 628, 630 
Earth stars, 763 

liarthwornw, iigt'ufs iti .spread of duh 

. root, 359 ' '■ 

BehimHiimiiunh 765 
Hnetfmam, K06 
Eefworms, 6, 355 
disease, 37, 845 
Egg cell, 412 
Eggplant, 53 
blight, 658 
brown rot, 292, 347 
early bliglo, 630 
Hhizoetoiiim 779 
rmi fciKit, H46 
soft rot, 347 
Einkoni, 677 
^ stem rust, 727, 739 
Elder, black rot, 593 
Elderberry, golden, 234 
Eieetrlcmi injuries, 192 
ElernentH, deficient in soil, 59 
required f)y green plants, 
uses of 58 

EifnnffiM tmgahmt, 807 
Elm, golden leaved English, 234 
Imf s|K>t, 29, §12 ' ; 

Ei^nm^ emmmknm^^ 551 
..afcein' rust, 726 ' y 
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Eljjnius, suhm.uticu^^ 552 
virgi)dciis^ 552 
Eiiunciry 1)77 
stein rust, 727, 7;^9 
yellow stripe rust, 759 
En(lo]ny(*.es, 385 
Endophyllaceae, 710, 712, 750 
E n (ioph fjll unij 710 
senipcrvivum.f 39, 756 
Endospore, 291, 522 
EridotJua, 547 

canker of clu^stnut, 596, 614 
■parmiiica, 44, 596, 599, 601, 606, 614 
lOnioinolo^ist, economic, 6 
Etifoninphfhora sphmospernia, 443 
Entomophthorales, 443 
El i tom ospor ium ,618 
Entifloma, 662, 665 
cUuiL 703 
ICnxymes, 297 
Epithla\ 545 
fpphina. Bit 
Epi phy f oil cs, 639 
Epizootics, 4*43 

Ergot, 26, 370, 54S, 650, 661, 553 
barley, 662, 557 
oats, 557 :■ 
rye, 664, 557 
wheat, 557 
Ergotism, 652 
Ericaceae, 764 
Eriksson, 10 
Erineum, 26, 41 
Erlnose, 41, 416 
Eriohotrya, 318 
Eruinia, 289, 292 
anvyUmra^ 315 
Enjs'Ihe suhierranea, 365 
Erymmim cheiranfhoides, 354 
Erysiphace®, 522, 523, 530, 542 
Erymphe^ 528, 630, 531 
cirhmiceariimj 529, 542 
fomnmms^ 624 
yramnm, 624, 528 
polygons 520, 542 
Bthaliiim, 352 
Ethyl acetate, 124 
Ethylene gas, 196, 197 
Etiolated-sweet-pea-seedling test for gas 
injury, 196, 197 ' ' ' '■ 

Etiolation, 25, 27, 178 
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Etiolation, changes accompanying, 178 
in horticultural practice, 180 
Eubacteriales, 289 
Euchlosna mexicana, 42^, 

Euexoascus, 458 
EuonymuSj 234 
European, 789 

japonicus aureomarginaiis, 235 
Euphorbia, spp. 39 
Euphrasia, 811 
European canker, 44 
European mistletoe, 811 
Eutaphrina, 458 
Eutettix tenella, 237, 239 
Excipulacese, 618 
Excrescences, 26, 41 
Exoascaceae, 457 
Exoascusy 50, 457 * 

deform.ans, 462 
ExobasidiacesB, 764, 805 
Exobasidiales, 38 
Exohasidium^ 38, 764 
oxycocci^ 387 , 895 
vacdnUy 38, 805 
Exosporiiim, 618 
Exudates, bacterial, 26, 51 
Exudations, 51 

F 


Fahrma, 471 
maculgia, 31, 520 
Factory owners, 810 
Fairy clubs, 387 , 388, 764 
Fairy rings, 372 
False silver leaf, 798 
Farlow, 11 

Fasciation, 26, 60 , 72, 328 
Federal Horticultural Board, 18 
Ferns, nematode, 833 
Fertilization, 379, 527 
Fertilizers, 360 
as carrier of club root, 359 
effect on blossom-end rot, 113 
effect on soil acidity, 76 
for potato scab soils, 344 
Fertilizing tube, 393 
Field dodder, 814, 820 
Fig, root rot, 846 
, rust, 757 
smut, 541 

Filaria medinenis^ 832 
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Filberts, blight, 612 
h ilters, used in mosaic studies, 248 
Finger-and-toe disease, 37, 41, 353 
Fir, 46 . ' 
leaf cast, 521 
mistletoe, 828 
mushroom root rot, S02 
stringy n^bhi-owii heartwood rot, S06 
twig blight, 521 
witches' broom, TOO, 758 
yellow root rot, 805 

hire ])light, 17, 28, 36, 45, 5(>, 110, 209, 
288, 205, 307""S23, 300-313 
apple, 51, 318 
pear, 5J. 318 
Fission fungi, 200 
Flag smut, t>62, 6S2, 703 
Flagellates, in latex, 240 
Flagellum, pi. flagella, 200, 292, 356 
Flax, 441 
dodder, 814 

heat canker, 14.1-148, 146, 146 
.. rust, '758' 
wilt, 655 
Flea beetle's, 144 
possible vectors of leaf roll, 260 
of mosaic, 2S1 

hlies, as disscrnnhiatorsof fire hligfp, 3|o 
h lowers, scalding, 137 
of sulphur, 720 
Fow-c,s*, 388, 765 
applanaim, 807 
fmxinophilu,s, 807 
807 

“ Fools,’ ^ 468 


Frost, necrosis, 5, 158, 166, 167 
russet ing, 156 
Fruit, blight, 307, 311 
rot, 55, 454, 770 
.S|>ot, 06 
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Fruits, ascigerous 
Fuchsia, 4o' 

Fuinago, 542 
Fiimigatiun, cyanide, 200 
ell Ion norm, 200 
ether, 200 
formaldeh,vde. 200 
injury fri'uii. 200 
■ Fungi, 6 
Fungi imperfeeti, 

621, 624 
Fuiigi-Bordo, 5S2 
I'ungn.‘<, caterpillar, 443, 612 
Fn»mm,u ‘>3. 54. lOT. 112, 107, 339, 3(5.5 
comjiulhiiihN, 654 
enthem}{H^ 108 
llhi^ 655 


d44, 617, 610, 620, 


if/ef}p€mrf\ 655 
nhvk, 61 1 

655 

radaftTium, 65Ci 

wilt, 10, 263 

i'mkiiuiiiou deMiriHrum, 574 
Ikisicladiian stage, 574, 576, 620, 622 
fNsmeeuM, 623, 624 


puirrfmifNTt, 65!l 
Fusidium, tilH, 610^ iy2 


Porinaklehyde, IS. 20!), 229, (542. (579 

injury to seeds, 220-230 
for potato .s<Nah, 343 
for powdery scab, 260 
Frank, S 

^raxt?i us pubesreus acuhffdm, 235 
hreeman, 15, 16 
freezing, causes of injurv, 140 
Frost, cankers, 161 
eradcs, 162 
152 

<lang<T points, 154 
mnry, 15J, 152-158 
hi jury, apples, pears, 51 
hijury to blossoms, .154 
fnjnry to Itaives, 152, 153 

injury to young fruits, 154 , 
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piui, 756 

«uILs 4I, 323, 38li, 337 
Chmude, 370, 38I, 386, 446 

Oametophytir giaieralimi, 713 

fiarden pea, rcjot krm|» K4t> 
CSasteromycetales, 763 
(iasimiia u/uPi, 802 
Creniniuiiu 403 

Ciermination of seeds, 452 
Ciermisan, 670 
Chant hill 274 
O-ibkrdh, 545 
muhimiti, Oil 
Oiclitkmiikheit, 833 
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Gigantism, ■ 188 
Gill fungi, 7r>r> 

Ginseng, Pliytoplithora disease, 424 ' 
root knot, S46 
Giatiioius, hard rot, 660 
(Uauf)er’s salt, S4 
Ghrodes, 618 
Gleha, 7t>3 

Gla’o^<pon:iun, 56, 621, 623 
anipthphagunij 656 
/(urciiiiij 656 
lindftn-idfniunini, 636 
})i(d} corf ids, 504 
pcrcfuiaros^ 506 
rihis^ 492 
vcnctuMj 541 
(iloHicrclldj 547, 036 
cingulaUiy 39, 56, 613 

fphs.ippll, 613 

Glycerla Jhiita ios, 557 
(dyeeriiHa us<‘ with blight disinfectant, 
321 

(rNOfiiooin, 547 
Icpiosfyla, 614 
idmeOy 29, 614 
614 

Gold thread, 813 
Golden rod, orange rust, 709, 756 
Golden seal, r(.)ot knot, 846 
Golf links, brcnvn patch, 805 
■Gooidia, 340 
Goosel)erries, 493 
i.)lister rust, 709 
crown gall, 332 
k‘af spot, 6)14 
mildew, 542 
silver leaf, 789 
(hMsypiuni herhaccum, 455 
Grafting wax, 792 
Grains, scHsiling blight, 611 
foot disease and scab, Oil 
Grainineae, mosaics in, 241 
Gmpc, 39, 56 
aiJtthracnose, 656 
})itter mt, 613 
black knot, 327, 332, 333 
black rot, 614 
crown gall, 326, 327, 329 
dead-arm disease, 613 
downy mildew, 31, 414-422, 416, 418 
lime chlorosis, 74 
mushroom root rot, 802 


Grape, powdery mildew, 422, 542 
root knot, 846 
root rot, 613 
rust, 757 
shelling, 96, 417 
simscald, 137 

Grasses, cat-tail fungus, 611 
powdery mildew, 542 
Gray mold, 416 
Green-ear disease, 38, 40 
GrevilUea rohustaj 332 
Gros-pied, 353 
Grossularia, rust, 757 
Growth, determinate, 159 
indeterminate, 159 
Guignardia, 56, 547 
(B8culi,5l4i 
bid-welUij 39, 614 
vacciniij 614 
Guinea worm, 832 
Gum pockets, 116, 117 
Gumming, accompanying winter killing, 
160 

Gummosis, 27, 52, 423 
bacterial, 52 
Guttation, 26, 51 
Gymnoeonia, 712 
inter stitialis, 759 
Gymnosporangium, 712, 747 
blasdaleanunij 748, 759 
clavipes, 759 
germinale,75Q 
globosum, 748, 759 
ja/venescensj 759 

juniperi-mrginianos, 709, 740, 745, 747, 
749 , 759 
kernianumj 759 
lihocedn^ 46, 759 
■macropus y 747 
nidus-aviSf 759 

Gypsum, for potato scab soils, 345 
use on alkali soils, 90 

H 

Hail weed, 813 
Hair weed, 813 

Hairy root, 26, 46, 294, 323-336, 849 
aerial form, 327, 328 
broom-root type, 327 
simple, 327, 328 
symptoms of curly top, 238 
woolly-knot form, 327 
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Hiilliniasf*}], 794 
Hard in OSS, 150 

cn(js(‘ of, 150 
variation, 150 

Hardpan, roiatiori of alkali to, 8cS 
Harsh herger, 16 
Harti^, 8, 9 ' 

Hatch Act, 11 

Haustoriuiri, pi. haustoria, 410, 426 
524, 704, 727, 815, 825 
of Cmvuta apillium., 817 
of mistletoe, 827 
Haw’thornc, 457, 593 
fire blight, 318 
rust, 759 

scab, 579 . ■ ■ ■ 

Hazel, blight, 012 
mushroom root rot, 802 
Head smut, 3S, 48, 49. ii90, 70.3 
Heart rot, 54, 707 
Heat canker, 138, 144 
bean, 147 
buckwheat, 147 
conifers, 147 
cowpeas, 147 
maple, 147 
.'Oats,' 147 
vetch, 147 

Heat, defoliation due to, 13.S 
Heat injury, typ(\s, l3t; 

Heat rigor, 135 
Heat scalding, 137 
Heibbind, 813 

Ilelmiuthofiporium, 010, 620, 022 
grammeuni^ 054 * 

MJiwian^ 654 
Hcdotiaceae, 471, 520 
H<4veilales, 470, 471 
Hp7mlHa, 712 
vmtatrix^ 75S 

Hemlock, hydrangea nist, 758 
hiaf and conf» blister rust, 758 
h‘af rust, 757 
mushroom root rot, 802 

wtmiffy rcd-hroiva hoartw.wd rot, g0(} 
tt'inp, bmnciud bro<,m rape, m2 

023, 024 

Ihmlermmda nmrhom^ 505 

Hcamiog, 10 
Hepatiea rust, 709, 759 
HerbaceoiiH hosts, root mt, 013 

lipTpotnekm^ 54R 

010 


IDrpofrichicK (pSfKpnHfpiula, 0] t > 
H(‘sler, 16 
Heterodera^ 832 
radla’cola, 38, 355, 845 
iichaddii, 832, 860 
Hetera'cism, 704, 709 
Ile/erotncie.s arhiiiif(dfa. 318 
523, Ildera.^porium-, 620, r>22 
pckittnhitum, t)54 
(jnietk, 015 
Hexenb<‘seii, 40 
2;>4 

isvidetdii.% 455 
sytiaem^ 455 
Hickory, canker, tUM 

Hippeastrum, niusaif* *^4U 
Hoffman, Is ' 

liohlover cankers, 3ls 
Htfilow hea/rt'., !l■| 

Holly Califoniia, tiro .si,^ 

iii>lhiKiek, rooi krui, 810 
rust, 700 

Holophytes, 810 
Holy lire, 552 

Honey agaric, 54, 794 
Honeysuckle, povviicry mil, lew, 2H 
Honijfpilz, “!!} 
ibmigsehwanim, 7uf 

IhMjkworiu, 832 
Hop. crown gall 332 
tiowny mildew, 425 
Uiosaie, 280 
nettle head, 280 
Hop horfilx‘an, 457 
fdack rut, 593 
HoppeHiurn, l;5!», i.pj. 
rfordfuuu, sfcuu rysu 720 
Hormodendruiii, 620, 022- 
Horse chestnut, frusi injurv, 1§3 
leaf blotrli, OI4 
Horse radinh, wliitt* rimf^ 413 
Host, 5, 370 

Hot tyater, injury to seeds, 227- 228 
sterilization of soil, 848 
treaiment of bulbs for ncunaiodes, 84. 
treatment of cabbage seed, 305 

treatment^ inodifit^d for loose siniit o 
wheat, 087--a8!l 

treatment for nematodes of wheat, 84 J 

mum fungus, g05^ HO^j 

Huckleberry, 40 
mat., 7m 
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Tliniiiclity, offeet on downy mildew 
grapCj 420 
Iliiiuin, 133 
II linger roois^ 849 
Hya,(4nt'h, 41 
ring (liseikse, <842 
yellow disease, 288, 209 
Hyalodenui, 619, 622 
Ilyalotliyris, 623, 624 
II>'fiatIio<les, relation to tip burn, 142 
Hydnaeeae, 766, 806 
Ihj<hinm, 388, 765 
cTi}i(icvui^, S06 
om)iivormih, 653, S06 
sepfDd r iomde , 806 
Hydrangea, rust, 758 
Hydrated lime, 404, 583 
llydroeyanic acid, 196 
gas, burning, 179 
Hydi'ogen, 59 
Hymeniinn, 386, 470, 763 
Hy 1 n e nom y ce ta I es, 7 63 
liy m en om y eet es, 617 
HpocparmiH, albus, 630 
uiger, 030 

Hyperjdasia, 26, 37, 298, 459 
Hyperplastic diseases, 294 
Hypertrophy, 26, 37, 298, 457 
Hyphae, 370, 371 
hinucleate cells, 762 
Hyplunnycetales, 618 
Hyphmny cet es, 628 
Hypochriiis, 388 
Iljipochum tinlaru\ 769, 777 
Hypocnacein, 777 
nyp()cn‘a<‘ea‘, 545, 611 
Hypocrenles, 545, 611 
// // podarfm , def onnam^ 52 1 
i^trobicola, 52 1 
Hifpoderniella laridSj 521 
H pjKiXylon^ 547 
j-)n}inatuin, 613 
Hysteriales, 470, 472, 621 

I 

Ideta, 10 
Ignis sacer, 562 
Ilex, 284 
Illosporium, 618 
Illuminating gas, 190 
injury from in soil, 194 
injury from in the air, 197 


of Immunity, to bunt, 678 ' 

to potato wart, 437 
Imperfect fungi, 381, 384, 617 
Imperfect stages, 617 
Incense, cedar, 46 
Incense cedar, rust, 748 
Indian paint fungus, 806 
Infection thread, 662, 674 
Infectious chlorosis, 245 
Abutilon, 235 
ash, 235 
hop tree, 235 
in privet, 235 

Japanese burning bush, 235 
laburnum, 235 

mountain ash or rowan tree, 235 
Infusoria, 6 
Insect cast fungus, 612 
Insectivorous plants, 810 
Insects, 6 

as carriers of chestnut tree blight, 606 
as disseminators of ergot, 555 
as disseminators of fire blight, 316 
Internal break clown, 56 
Internal brown spot, 5, 26, 36 
Internal necrosis, 163 
Intumescences, 26, 42, 95 
Iris, leaf spot, 615 
Iron, 59 

sulphate, effect on lime chlorosis, 76 
effect on manganese chlorosis, 76 
sulphide, 218, 540 
Ironwood, 457 

Irrigation, effect on bitter pit, 104 
relation to blossom-end rot, 112 
relation to fire blight, 320 
Isaria, 618 
Isariopsis, 618 
I thy phallus impudicus, 764 

. J 

Jassids, possible vectors of leaf roil, 269 
Jensen, 18 

Jimson weed, early blight, 630 
Jonathan freckle, 97 
Juglam calif ornica, 333 
Juglas calif ornica hindsii, 802 
June berry, powdery mildew, 538 
June drop, 41, 96 
June grass, silver top, 653 
Juniper, witches" broom, 759 
. Juniperus barhadensis, 709 
mrginianaj 709, 740, 741, 747 
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K 

Kainit, effect on potato scab, 341 
ei-Te<*t on saini drown, (12 
Kale, black rot, 302, 305 
Kcffliia, 471 
ihi/jiita, 521 
Kellerinania, (»23, 624 
Kernel smut, 002, 090. 701, 702, 703 
Kerosene, injury from, 220 
Kirehner, S 
Klebahiiia, 712 
Klebs, 17 
Kocli, 17 
Kohlliernie, 353 

Kohlrabi, fiowerinjT induced by low tem- 
peratures, 158 
Krankheitshenle, 358 
Kropfinaser, 324 
Kuehneola, 712 
alhiiki^ 760 
Kuhn, S, 9 
K-mikelia, 71 1 
niiens, 750 
Khster, 10 


Lavatera, 235 
Lead arseimte, 404, 582 
injury from 224. 225, 220 
Leaf and twio; blight, 474 
Leaf blight, 307, 309. 490, 5S5 
Leaf blister, 459 
Leaf easts, 521 

Loaf om-1, oO, 2S7. ;-!S5, 45S-4GS, 460 

Lcaif drop streak, 277 
Leaf fall, 95 
L(‘af galls, 441 

Leaf hopptTs, 39, 97, 139, .143, 240 
pussi}-.h^ veeTtn-s of hnf roll, 209 
pussih]t‘ voctnr>of mo>aie, 2S1 
I.eaf roll, iOS. 233, 23(i, 237, 263, 7WJ 
potato, 50 

Leaf rolling. taiu>es, 263 
Leaf rot, 54 
Leaf smut. 702 

Leaf spot, 41, 490, 4!I5, 585, 687, 625 626 
630 ' 
chestnut, 29 
e].:rn, 29 
violet, 30 

Leak, 56, 123, I4t1, 4-19, 45| 
potat.o, 54- 


L 

Labiirmwiriikjare, chrf/mphi/Uurn, 235 

foliis aareas*, 235 
Lnct'uca Hcariola, ()57 
Lambs’ (piarters, 239 
Lamellie, 388 ■ ' 

Lampson-Beribner, 1 1 
Larch, 41, 46, 47 
canker, 520 
leaf <‘ast, 521 

mnshraorn root, nd, 790, 802 
rust, 700 

yellow root rot, 805 
Largo-s(‘eded alfalfa dotkicu’, 814, 820 
709 

ocd<iatfalf,s, 521 

Late blight, 17, 54, 140, 396, 397, 398, 423 
Lateral tOiords or lines, H31 
LaO*x(Ksis, 27, 53 

Lath screens, bn* coniferous seedling, 178 
Ldhrmi ^quamariu, 81 1 
Liiihqrm /«vi/e;nw, 709 
LdiOita asqdem[Mia, 39 
Lauracea*, 811 


Li'aves, hittc!* {»r pcrfctrated, 95, 162 
crinkling, 163. 
curled, 163 
frost blistt'rf‘d, 163 
Legume bacteria, 297 
Legumifioscay mosaics in, 241 
Lmntm, i>l«>Ntiin-eml decay, IIS 
imnvn rot. 123 
dry tip, I IS 
internai dceiima I is 
rip deterkuntam, I IS 
yclhjw tip, I IS 

Liudinds, avenues of cniranca* for bac- 
teria. 2! Hi 
enlargf^d, *95, 33S 
766 
80*1 

Ltimiiufik s|’)p., 359 

354, *H0, 413 
limtHieum, *113 
Lfqdpmiiu^H bfr/rmv, 3*10 
L(.*ptonetTC'wis, 265 
Lepimpkmifi, 54S 
mmawh 616 
emmthqri a m, 61 6 
Leptcwtroiiia, 618 
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Lf'])tosiromjita<‘(‘jB, (Ug 
Lcpio.stronielia, 618 
Lepiostylus uhacuki, 606 
Lettuce, Miithraciiose, 657 
black root, 652 
Botrytis disease, 179 
.downy mi!det\% 426 
drop, 520 
leaf bliglit, 179 ' 

.mosaic, 245, 286 
root knot, 846 
slimy soft rot, 54 
st(nn rot, 179 
wild, 657 

Libocvdrm decurremy 748 
Lichens, as 8 O 2 indicators, 205 
Light, deficiency, 178 
derangements, 177 
effect on growth, 177 
effect of intense, 180 
function of in, plant life, 177 
general effect of, 178 
heliotropic curvatures and heliotactic 
.movementKS, 177 
income, 178 

movements of chlorophyll bodies, 180 
rnovcanents of leaA’cs, 180 
relation to chlorophyll formation, 177 
relation to germination of seeds, 177 
ultra violet, 1S3 

Ligmirum vulgar e mireovariegatiSj 235 
Lilac, black rot, 503 
frost injury, 153 
Fhytophthora disease, 424 
Lima bean, downy mildew, 424 
mosaic, 245 
pod bliglit, 614 
Lirne, chlorosis, 72, 74 

effect on blossom end rot, 113 
(dTecd on potato scab, 341 
liydrated, 487 
use of 361 

Lime sulphur, 18, 466, 487, 494, 518, 540, 
542, 581, 582, 595 
injury, 209, 218-224 
rehition to climatic factors, 222-223 
Limestone, dolomitic, effect on sand 
drown, 62 

Linden, frost injuyy, 163 
Lister, 17 
Lithiasis, 51 
Little- leaf disease, 162 


Little peach, 233, 236, 245, 258-261, 269 
Locust, mushroom root rot, 882 
Lodeman, 15 
Lodgepole pine, 811 
Lodging, 183 
Lodging of grain, 72 
Loganberry, crown gall, 332 
LoUum perenne, 557 
London purple, injury from, 224 
Long-day plants, 187 
Loodglansziekte, 782 
Loose smut, 40, 662, 681, 683, 701,702 
Lophodermiurrij 41, 472 
brachysporium, 521 
pinastrij 521 
Loquat, 332 
fire blight, 318 
Loranthacese, 811 
LomnthuSj 811 
europaeus, 811 
Louse wort, 811 
Love vine, 6 , 812, 813, 823 
Low smut, 667 
Lupine, 206 

Lupinits angustifolius, 20Q 
Lychnis dioica, 4:7 
Lycoperdon, 667 
triticij 673 
zeos^ 694 

Lycdpersicum, cerasiformej 113 
• esculentwny 113 
' pimpinellifoliuni, 113 
pyrifor?ne, 113 

Jjye, injury from use with lead arsenate, 
225 ' ■ ■ 

•M' . 

Macroconidia, 515 
Macrodiplodia, 623, 624 
Macrophoma, 591, 623, 624 
curvispora^ 504 
Macrosiphu?n, pisi, 245 
solanifolii^ 245, 281 
tabadj 245 
Magnesium, 59 
deficiency, 59 
oxide injury, 190 
Mahaleb cherry, 513 
Mahonia aquifolimn, 736 
repenSj 736 

Mahonia, stem rust, 736, 739 
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KlaiiMlie cies raeiiies, 794 
Malformations, 41 
Mallow,' 239 

Malnutrition, relation of soil aciditv to 
' 76 ‘ ' 

iMaliis, 579 
Mainnials, 6 

IManganese chlorosis, 72, 74, 75 
hlangei-wurzels, leaf spot, 654 
Mangirna am/peMmij G56 

jManiire, barnyard, effect on potato scab. 
341 

Maple, 31, 32, 207 
black rot, 595 
frost injury, 163 
heat injury, 137 
mushroom root rot, 882 
silver leaf, 789 
. . tar'.spot, 31 , 521 

uniform white sapwood rot, 866 
white-streaked sapwood rot, 809 
M araamivHj 766 
plicatm, 800 
Afarssoma, 523, 621 , 623 
oehroleiicaj 29 
panatlonianaj 657 
Matikidii inmna^ 305 
Maul)Iiinc, 10 
McAlpim^, 10 
Measles, 100 
MediiUi chords, 831 
Medicago luplmn itiMenmm, 495, 407 
Medlar, fire blight, 318 
Alelumpmra^ ahiet iH’^canadettms, 7 Til 
aiberi€7mHf 757 
bigeloiHij 757 
,./57' 

709, 757 

Melampsoracea), 711, 712, 7,57 
Melampmrdia, 70% 711 
758 

Meiampsoropsis, 757 
Mehunpyrum, 811 

MelancouiaieH, 384, 618, 621, 623, tt;i6. 

' '656 ■ ■/-■ ■ ■ ■ ’ 

Mj;Ianuoniuin, 621 , 623 

Afelanin, 133 
MfehmrpH guercum% 590 
IVIelasmia, 618 
Meiidn, 523 
pemig^i, 542 

Mc4ograiiumttace», 562 


Melon, mosaic, 286 
Melters, 54 

iMercuri(‘ bichloriile, for black rot of 
cabbage', 305 
cork}' scab, 343 

for disinfecting .sua^et potato roots, 449 
for fire blight. 321 
for powdery scalp 369 
for wmi;, 439 

^lereurie cyanide for fire blight, 321 
d/erwf/as, 765 ’ 

761, 806 

i^lesoBpori's, 7t)S 
Mespilus, 318 

Metallic fum<% injury from. IttS 
Methyl butyrate, 12-1 
Me^am, 7 

M i rmeotm a fngimuif aw, 3 1 5 
Microconulia, 515 
iMierodiplodia, 623, 624 
^licropueciiiia, 712 
Mh*rosphiera, 52S, 530, 531 
Mierfhspktmi qm'renn!, 543 
i^ftcrothyriaci-ie, 523, 543 
I'^lilchgiaiiz, ' 782 
Milium, effmaw, 557 
^lilk Hi lime, baflp fur riHluetioii of stntd 
'injury, 231 ■ 
iMillardet, 17 

Mllhi, green-ear disease, 424 
downy mildew, 421 
smiO, 663, 7113 
Mi.st^anlhiis, 234 
Mistletoe, 6 ■ . . ■ ■ ■ 

of I>ro!u!-!«‘!ivc.l tr.'fs, 82B, 826,827,828 

hook, 829 
Mites, 0 

ns carriers of f%ariiatiiiii..,biiii, rut, 653 
Mituehoiitlriii, 331 

I^loisttire, fm\ i5| 
relation to br<iwii rot, 484 
rf'latiori to chib root, 366 
rekticji* to pathogenic fonitK, 94 
soil, relaliim to biml, 675 
unfreep 151 
AMitdu efiTuk% 551 
Moilimaeeap 471 
Molllsiose, 543 
MolliiskK, 6 
Mmdim, 619, 622 

nmrm amvm^ 480 - . ' , 

mmrmi eerad, 480 ’ ' > 


Mo7iilia^ orego’uensisy 473 . 
rot, 473, 479 

Moniliaceaj, 618, 619, 622 ■, 

IMoniluiles, 618 
Monilioclia3tes, 620, 622 
IMonoehaJtia,. 621, 623 
Mosaic age, 241 

IMosaic diseases, 233, 236, 241-246 
iMosaic dwarf, 241 
Alosaic, interveinal, 277 
aucuha, 27S 
leaf-rolling, 277 
mild, 276 
rugose, 277, 278 
seed transmission, 245 
tobacco, 5, 10 
Mottling, 242 , 275 
iMountain ash, fire blight, 318 
white rot, SOS 
IMucor, 378, 380 
Miicoraeea', 444 
Miicorales, 443 
Mulberry, black rot, 593 
mushroom root rot, 802 
root knot, S46 

Mummies, 26, 50, 473, 476, 477 , 478 , 
588 , 659 

Muramifieation, 26 
Mush rot, 446 

Mushroom root rot, 37, 374, 794, 809 
hluskinelon, downy mildew, 425 
root knot, S46 
soft rot, 56 
wilt, 346 

Mustani, club root, 350 
mosaic, 245, 286 
white rust, 413 
Mutterkorn, 541) 

Alyceliai fans, 801 
IMyeelial plates and fans, 373 , 374 
iVIyeelial strands, 373, 375 
IMycelhim, 370, 377 
Myeeto^ioa, 351 
Myeogone, 619, 622 
Mycoplasm, 732 
tlKJory, 10, 732 
MycorliiJKas, 37 
Mycosplm relief 390, 614 
hrmucala^ 615 
citrullina^ 615 
fraganae, 614 
grossulanm, 490, 614 
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Mycosphcerelh, pinodes, 615 
rubi, 614 
rvMna, 614 
sentina, 615 
tahificaj 615 
Myrica gale, rust, 757 
Mystrosporium, 622, 620 
Myxamoeba, 351-352 
MyxamoebaB, 356 
Myxobacteria, 291 
Myxogastres, 351 
Myxomycetales, 291 
Myxomycetes, 6, 351, 352, 365 
Myxosporium,, 
corticolum, 656 
Myzus persicoe, 245, 281 

N . 

Naemospora, 621 , 623 
Narcissi, stem nematode, 842 
Necator ameriemms, 832 
Necium, 711 
farlowiiy 711 
Necrosis, 26, 36 , 36 
internal, 26, 36 

Nectaries, avenues of entrance for bac- 
teria, 290 
Nectarine, 466 
brown rot, 484 
yellows, 256 
Neciria, 160, 545 
dnnaharina, 611 
coccinea, 611 
galUgena, 4:4:, 611 
Nectriodacese, 618 

Nemas, predator}?', for control of root 
knot, 849 
plant, 832 

Nematode, 6, 299, 355, 359, 831-851 
galls, 836 , 846 
N ematasporangium, 391 
aphanidermatum, 423 
Neccosmospora vasinfecta, 656 
Neofabrosaf 4:71 

malicorticis, 44, 500, 502 , 603 , 504, 
606,520 
Neopeckiaj 547 
(mdteri, 615 
Net necrosis, 168 

Net necrosis, of potato, 26, 166, 267 
Nicandra physaloides, 630 
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Nicotiana affmis, 331 
piscosum^ 2S6 
Nigredo, 712 
Niter poisoning, 74 
Nitrogen, o9 

effect of disease resistance, 73 
effect on quality, 73 
excess, effects of 72 
relation to di ebaek of eirtiis, 73 
relation to gummosis, 73 
shortage, effect of, 63 
Kon-pn.rasitic diseases, 4 
Nucleoproteins, f5S 
NuniuUaria, o47 
disrreta, 013 

Nursery stock, dusting for cheny l.c*af 
spot, 519 

Nutri ion typos, 810 

O 

Oak, 31, 44, 457, Sll 
black rot, 503 
canker, 614 
fungus, 794 
loaf blister or curl, 409 
mildew, 529, 543 
mushroom root rot, 802 
root rot, 613 
Strumella, 054 
tar spot, 31 

wot heart wood rot» 806 
Oats, 40, 383 

crown rust, 5-I-2, 713, 721, 739, 759 
kernel smut, 701, 702 
loose smut, 701 
powdery mildew, 529, 542 
red-leaf disease, 153 
smuts, 542 
speckhal l>Iotch, 616 
stem rust, 739 
(Edema, 41, 95 
(Elomyces kpnnde,% 434 
CJ?sophag<*al bulbs, 831, S39 
(Esophagus, S3 1 
Oidhpus, 526, 531 
(ErpsipkS) iaurira, 524 
Oidinm, 523, 526, 542, 543, 619, 622 
farinmumj 533 
lax am, 473 
i >il spots, 415 

(>il sprays, iii|ury from, 209, 226 


Oiledpaper, shredded, 127 
Okra, 455 
root knot, S46 
Qihm, 43, 332 
knot, {>r ttibendc, 2!tt 290 
mushroom root rut, 802 
tuhcrcic, 340 
01 pidiasier, 42S 
radicisj 441 
Olpfdium^ 428 
hrassfva\ 441 
Onion, Idack mold. 541 
black spot, 5 i2 
Idight or mold, 426 
pink root, 27 
root knot. 846 
smmlge, 542 
smut, 6t)2, 703 
soft rot, 347 
stem lumiatode, 812 
Otunycelos, 396. tUT 
Oogcmiuiu, 3*J0, 411, 412, 527 
Oosphere, 411, 412 
Oasporn, 619, 622 
pmifihuis^ 338, 3t)3, 652 
339 

Oospore, 379, 381, :m% 391, 3!.I3, 411, 617, 
61!l, r»22 
(IpM(dmi.% 548 
cfirweiL 6,16 

2411 616 

Opium po|:q>y. downy iniklew, 425 
Orang(‘s, citrus knot, 659 
crown gall terabmms, 328 
lead arsenate injury, 225 
sooty mold, 542 

Ombard grass, Haldiay’sdiseast', 287 
Oregon grape, stem rust, 736 
Organic mattf'fw plant, effect on sand 
tirowii, 62 
Orof'uiiiehaec»a\ 812 
( ^mlmnthe mi tim\ 8 1 2 
Orton, 19 
Ostiole, 382, 385 
Osfrya, 457 
Over nutrltiom 71 
Onilaria, 619, 622 
Owens, 16 
Oxalis, s|>p. 46 
Oitygen, 58. 59 
eoiwtintpfimi, 120 
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Ozmiitmi, 618 
onmum'um, 53 

P 

Pacific-coast canker, 44 
Palisade fungi, 617, 761, 805 
gall-forming, 764 
Pallor, 25, 27 
Panaschiering, 27 
Pansy, downy mildew, 426 
Paraformaidehyde, 229 
Paraphyses, 385 , 386, 470, 663 
Parasite, 370, 810 
Parasites, 5, 370, 810 
animal, 6 
plant, 6 

Parasitic diseases, 4, 5 ' 

Paris green, 223, 581 
iiijiny f,roni, 224 
Parsley, downy mildew, 425 
Parsnip, crown gall, 332 
downy mildew, 425 
soft rot, 347 

Parihcnocissus, quinquefolia, 421 
Uieuspklata, 421 
Pasteur, 8 , 

Peach, 385, 457, 458 
arithracnose, 507 
Bordeaux, injury, 211 
brown rot, 476 , 477 , 479, 481 , 484 
bud injury l:>y low temperatures, 160 
buttoiis, 260 
California, blight, 32, 657 
vvown and trunk canker, 423 
crown gall, 329, 333 
dieback, 612 
freckle, 51, 654 
ice scald, 210 

leaf curl, 38, 153, 457-468, 460 
lime-sulphur injury, 218, 219 
little-peach disease, 27, 269 
mushroom root rot, 802 
powdery mildew, 542 
root knot, 846 
rosette, 233, 236, 237, 245 
rust, 30, 709 
scaib, 568 
silver leaf, 789 

yellows, 27, 233, 236, 245, 251-258, 253 
Peach-almond, 8 
Peanut, mosaic, 286 


Pear, 31, 51, 56, 451 
anthracnose, 507, 520 
bitter pit, 104 
bitter rot, 613 
black rot, 585, 593 
black-spot canker, 520 
blight, 307 

brown rot, 476, 479, 484 
canker, 656 

crown and trunk canker, 423 
European canker, 611 
fire blight, 36, 288, 293, 307, 319 
leaf blight, 520 
leaf blister, 468 
leaf spot, 615 
mushroom root rot, 802 
Pacific-coast canker, 520 
Phytophthora rot, 424 
powdery mildew, 538 
Rhizocotnia, 779 
rust, eastern, 748 
rust, western, 748, 759 
scab, 579, 615 
Septobasidiiim canker, 805 
silver leaf, 789 
Peas, 640 

Ascochyta blight, 615 
downy mildew, 426 
mildew, 529, 542 
mosaic, 241, 245, 286 
Rhizoctonia, 779 
root rot, 390, 541, 613 
rust, 709 

Pecan, crown gall, 332 
root knot, 846 
Pedicuiaris, 811 

Pelargonium, crown gall teratomas, 328 
Peilicularia, 622 

Peniciliium, 42, 66, 56, 339, 382, 522, 
574, 589, 619, 622 
digitatum, 541 
expansu7n, 541, 653 
iialicum, 541 

Pennisetum typhoideimi, 38 
Pentosans, 151 
Peony, root knot, 846 
Pepper, brown rot, 347 
mosaic, 243, 286 
root knot, 846 
soft rot, 347 

Pepper grass, club root, 359 
white rust, 413 
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P«‘.r(‘niy;{! canktT, '>04, 506 
Vovivct stagfs, 1)17 
IkMicoiiia, 620, 622 
Ftridcnmuni, 43, 527, 707, 712 
sirohi, 757 

Peridiiiin, pi. pmMia, 70(>, 728, 740, 703 
Periplasm, 393 • 

P(a-isporiaeie, 522, 541 
Perispofialc'S, 017 

Peril hieium, ])l peritheda, 385, 3S0, 530, 
537, 544, 563, 576, 578, 692, 604, 617 
Peron o phusimypara , 395 
c-uhoiMa^ 425 
kuinuli^ 420 

Peronmp(mi^ 3S2, 394, 395, 309, 424 425 
426 ' 

■ arhorei^cem, 420 
hyoacyami^ 420 
paraHtiica, 409, 412, 420 
acMeidem^ 420 
sparm^ 420 
sp'macew, 426 . 
trifoUorum^ 30, 420 
dnV, 420 
idolw, 420 
trilicohiy 417 

PerouosiKiraeeip, 390, 301, 392 
Peron t>sp( > rales, 3 IH ) 

Persian walnut, n)ot knot, 340 
Pestalozj5ia, 621, 023 
Petalody, 72 
Petunia, 403 
mosaic, 243, 280 
Pedsaies, 470, 471 
Phaeidiaeeie, 471 
Phacidialcs, 470, 471, 513 
Phacidium medirnyuni^, 407 
Pha‘oseptoria, 023, .024 ■ 

Phakmporn^ 711 
nt'L% 757 ■ 

Pha, laris, 234 
PludiaJes, 704 
i^haHvolii.% 348 
(mitiJoUm luiiJiMm, 040 
mvrem^ (ilO 
lunalm^ (410 
imdiijiom^ 040 
mdijaria^ 032 
i^hdipm rammp 812 
Phenol, in jury to leaves, J92 
Phleospora, 023, 624 , ' 

Pliloem tmvmm, m potato, 262, 265, 267 
in sugiir beets, 239 
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Phoma, ;■!()(•>, ol.5, 5{i.5, 62a, 624, 6,58 

he(a\ 54, 0.15 
destruciii'a, (>5S 
liuganp 058 
pomi, 97, 05S 
tuhenmp 305 

Phomopsis^ 56, 565, 623 ' 
eltrij 059 
re.rua.s‘, 53, 058 

PDmidefidtoii^ Vy Sll, 
ealiftjrfdeuMj 824 
i'nlijvuhnnm, 824 
eaf/dwrua/o’, 824, 825, 82S 
Jianyci /ev, 823, 824, S2S 
pifii pi H hum f S24, Kir^ 
lihotetin\ 824 
'mmv'hphyiluui, 824, 825 
824 

I*hu.sphorus, 5f# 

Phot opt ‘fi* id, 1 87 
Phut opt ‘riudisui, iSiS-ls\i 
Photosynthesis, 5S, 92, 177 
PhmyMuiiimi^ 7 12j 7lii) 

'imiinms, 700 
PhyiimiMm^ 31, 540 
irifoiiiy 012 
Phylluily, 20, 38, 71 
Pliyllactiiif'a*, 531 
^diyiiariihm, 528, 630, 531, 543 
mryh'fi, 524, 543 
diyiitmriu, 023, 624 
ilmaiutUj 585 
pmmmiUf 51 

pyrim^ 585 
miiiiirinf 057 

^hymahdnekum hmnim^rum^ 052 
547 

rydtmhf, 28, 39, 5S5, 5814, 687, 50(1 
§92, 012 

'hy.sioiugie!,i! .simiiis,, 713 . ... . . . 

of bean mithnwium^ ii4fl 
of inistletoe, 828 
of iiUmi nennitode, 843 
PhyHmktrnmf 42S, 429 
zm-miydw, 429, 430, 431, 441 
^dtymiwlh fid, 757 
Phytabmier 108 

2S9, 292 
^ mmimire, 303 
iumfimeim, 329 
Fhytopatliologists, 1 
Pfeylopatlioiiigy, I 
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riiyiophtiiora, 391, 399, 423 
]>light, G25, 027 
cadonini; 423 
colora-Kfw^ 424 
eriffimhseptim^ 423 
faberi, 55, 424 

iNjcHtans, S, 28, 54, 382, 396, 397, 399, 
400, 401, 410, 423 ' 

vieadei^ 424 
m.ex'icdfKh^ 432 
}ricoii(i7ia\ 424 
pnraT^itim^ 424 
parasitica rhcij 424 
syrltigtr, 424 
ivrresfria, 423 
Fhytoptus, 46 
Fife a, e^igebmnnif 616 
excelsa, 207 
rust, 700 
Pileus, 388 
Pine, 41 
hiaek rot, 593 
lOister rust, 19, 709, 756 
iu'own felt blight, 615 
Coleosporitmi rust, 756 
(“ubuidnl wood rot, 808 
lient <'anker, 138 
^ ■ leaf cast, " 

' niistietoe, 828, 830 
itmslirooin root rot, 802 
red-hrowii root and butt rot, 808 
' Tiist, 709, 757 
twig blight, 521 
yellow’ root rot, 805 
Pineapphy Id ack heart or rot, 652 
lime chlorosis, 74, 75 
manga iK\sc chlorosis, 75 
Pink root, onion, 27 
Fink rot, 574 
Pin-point scab, 572 
Pin-m edulis^ 757 
yymmphtjlla^ 757 
'rmmtieola^ 709 
pofideroHa^ 521 
strohm^ 709 
virginiana, 43 
Piper, 18 

Piriculanaf 610, 622 
onjm^ 654 

Pktillody, 72 , ■ 

Fimm ' ■' 

Plant canker, 331 


Plant diseases, kinds of, 4 
Plant parasites, 6 

Plant pathology, in U. S. Department 
of Agriculture, 12 
American contributions to, 14 
beginnings of, 7 

contributions of other foreign 
countries, 10 
early modern era of, 8 
in America, 11 

in state departments of agriculture, 14 
in the various states, 13 
place of Germany in, 8 
province of, 6 
Plant Quarantine Act, 18 
Plasmodiophora, 305, 352, 356 
brassicse, 44, 67, 355, 367 
Piasmodiophoraceae, 352 
Plasmodium, 351, 352, 368 
Plasmopam^ 56, 394 
halstedii, 425 
nivea, 425 

viticola, 414, 416 , 417, 425 
Plectodiscellaf 522 
venetaj 541 

Plectodiscellaceie, 522, 541 
Pleospora^ 548 
gramineumj 616 
Plenodomus, 623 
PleosphceruUnaf 548 
briosianaj 495 
PleurotiLSf 766 
osireolus, 809 
uhnarius^ 809 
Plownghiiaj 545 

morbosa^ 43, 559, 661 , 562, 563 , 612 
trifoUi, 612 

Plum, anthracnose, 507 
black knot, 559, 661 , 563 , 565, 612 
black spot, 295 
brown rot, 479, 484 
California blight, 657 
crown gall, 329 
crown and tmnk cank(u*, 423 
dieback, 612 
fire blight, 318 
leaf spot, 321, 617 , 521,657 
mushroom root rot, 802 
pockets, 38, 468, 469 
powdery mildew, 538 
root rot, 613 
rosette, 237 
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rusl. 700 
sih'cr leaf, 7S2 
yeiicm's, 256 
Poa^ a.HHua^ 551, 557 
compresm^ 727 
prate^tsfs, 551, 727 
Pof! rot and canker, 424 
F^odo.^jAwra, 52S, 530, 531 
Ivucatrirha^ 532, 533, 634, 536, 637, 543 
o,n/aciodhfi\ 49, 536, 543 
Poinsettia, photoperiodism, ISS 
Pokeweed, mosaic, 2S6 
Pollen grains, 427 
Polymoi’idiism, 704 
PolypcH'acHne, 765, S06 
38S, 765 
horciiliii, S08 
i^rhwiinitsn, 808 
808 

i<ulpkureu.% 808 
Polip^iicfufi, T6t) 
hirsutua, 807, 808 
pcrgcimcN u.% 807 
versicolor, 807 

Polythriiidom, 620, 622 
irifolii, ()12 

Pondseum parasites, 352, 390, 427, 441. 
Pony ref rigc^ra tors, 451 
•Poplar, 457 
canker, 659 
crown gall, 326 
<iiehack, 615 
l!ku‘op<‘an canker, 661 
Hypoxylon canker, <>13 
nmshroom root rot, S02 
rust, 709 
silver leaf, 789 
Fopulus, 457, 709 
Pore fungi, 376, 388 
Pinidf 765 
n«rassaia, 806 
Poriulnca, oleraceo^ 39, 424 
saihm, 424 

Potasli (iedciency, efTects rif, 68 

I’of,a.s!i, ferlilizcre for iJotato seal) hwIs, 
345 

iHoiger, 68 
potatiHss, 60 
tobaceo, 69 

Pidash salts, (dTcct on biomm-md rot* 
113 

efc*cl on potatoscah, 341 


Potash salts, effect on sand drown, 62, 63 
Potassium, 58, 59 

ehloride, (diect on l>lossuiu-<‘nd rot, 113 
ust‘ in separat ing ergot, 558 
sulpliate, eft(‘ct on sand drown, 62 
Potato, 51, 94 
arsenical ]ioisoinng, 627 
bacterial wilt, 129 
black heart, 128, 130 
black ri>t, 348 
Idack scurf, 338 
b]a(*klf‘g, 12fK 293. 299, 347 
hn>wnroi, I2!t2!i2, 347 
I'tunilie bnjwning, 35 
buntwerdeii, 129 
button nu, 131 
calico, 278 
r'anker, 432 
collar fungus, 7t'H) 
corky scab, :k*:UK4'l6, 338 
crinkle, 277 
curl 26»f 

curly dwarf, 3tK 277 
iimnoiiltHl, 273 
degeneratifui disc} iscs, 273 
dry rot, 365, 398 

early blight, 311. 401, 6»25 4132, 628 

eisendeekigkeit, I2!l 
fornialdtdtydefiifuigalioii injury. 209 

freejiing .solid, 166 

fnist necrosis, 129, l65-d7! 
blotch type, 167 
net type. 16% 167 
ring type, 16% Hi7 
Fiisarluin will, 129, 655 
giant hill 271 
heart rot, 129 
!k4!ow licaii, 91, f2!l 
hopper bunp 627 
intennd brown spot, 35, 129 
jelly^md nit, 12*4 

late blight, 28, 36, 54, 39tl4l)5, 397, 398 
kite blight Jinil rot, 129, 423 
leaf tmrl, 625 
leaf ilropj 242 

leaf roll 12% 233, 236, 237, 245, 249, 
26i’-27;i 263, 264 
leaf spot, 625, 626 
le^ak, 129, 423, 443. 451 
liine-sul|diur injury, 218, 221 
iiielter% !2!l 

fiiosuic, 242, 24:i 244, 249, 273, 276 
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Potato, mosaic, cl waif, 241, 277 
aueuba, 27S 
iiiterveinal, 277, 
leaf ’■rolling, 277 
in,ild, 276 

rugose, 242, 244, 277, 273-287, 278 
mushroom root rot, 803 
net necrosis, 262, 265, 267 . 
Pli,3fo'plitliora rot, 423 , 
powdery scab, 352, 362, 363, 568 
pox or pit, 352 

Eliizoctonia, 37, 376, 769, 771, 772, 774 
root knot, 129, 846, 847 
root rot, 613 

running out, 267, 274, 284 
russet dwarf, 242,' 277 
scab, 29, 338, 299 
silver scurf, 337, 654 
skin spot, 338, 363, 652 
shiny soft rot, 129 
soft rots, 296 
spindle tuber, 273 
spindling spiout, 262, 266 
sprain, 129 

stem-end browning, 129 
stipple streak, 277 
streak, 273, 2S6 
sun scald, 94, 129, 627 V 
sunburn, 129 
surface breakdown, 131 
sweat,” 131' 
tip burn, 139, 140, 627 
turning sweet, 158, 166, 169 
\>rticiliium wilt, 129 
wart, 338, 432, 434, 435, 441 
wet rot, 39S 
wilt, 653 

witches' broom, 47, 274 
yellow dwarf, 277 
Pourridie, 794 

Powdcaw mildews, 28, 29, 30, 49, 381, 385, 
386, 522, 523, 530, 617 
Powdery scab, 6, 352, 362, 363, 366, 366 
Pox or pit, 352 

Prcvsoaking, in treating wheat for loose 

smut, 688 

for reduction of seed injury, 231 

Prillieux, 10, 17 
Profit sharers, 810 
Proiifca*ation, 46, 72 

Proliferation tissue due to illuminating 

gas, 195 


Prolification, 26, 46 

Promycelimn, pi. promycelia, 379, 662, 
673, 674, 696, 704, 705, 708, 718, 729, 
730, 748, 749 
types, 662 

Protection for pruning wounds, for silver 
leaf, 792 
Proteins, 58 
Protozoa, 6, 427 
relation to virus diseases, 249 
Prune, aiithracnose, 507 
brown rot, 484 
crown and trunk canker, 423 
drought spot, 116 
fire blight, 318 
mushroom root rot, 802 
spot necrosis, 116 
Pruning, for apple mildew, 539 
PrunuSj 457, 458 
americana, 565 
armeniaca, 335 
orfwm, 5 14 517, 795 
caroUniana, 332 
cerasiferaj 335 
cerasus, 513, 517 
communis, 
dasycarpayZZZ 
dcmissa, 518, 560, 565 
domesiica, 332, 335, 517, 795 
iI/%cfvfolfici, 332 
instititia, 332, 335 
mahaleb, 513, 517 
mandschurica, 335 
7mra, 335 
mume, 335 
padus, 511 

pennsylmnica, 513, 517, 565 
peTsica,8Z5 
pundla, 332, 335 
simonii, ZZ5 
triflora, 335 
virginiana, 517, 566 
Pseudomonas, 292 
campestris, 55, 293, 302 
dtri, 350 
lachrymansj 349 
malvacearum, 293, 348 
pkaseoU, 348, 632, 634 
pruni,, 295 

savastami, 43, 349, 394 
solanacearum, 292, 347 
tabacum, 349 
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Ft^t‘u<Io^n.(i)i.aH tiUtw/mieitK, 18, 3(>, 43, 214, 
. 323, 329 

l^seiuiopanint'hyiria, 3S0 
F.scu(Iope::iz(t, 471, 490, 497 
nmlicagihis^ 495, 496, 497, 498, 499, 
520, 521 

rihD, 490, 492, 520 
iriSolii, 497, 4<KS 
Ptclm trifoUuki, 234 
(tump 234 
rarietjiifiHj 235 
Pteris, 37, 457 
Fucctula. 31, 708, 712 
mparufji, 714, 716, 717, 719, 759 
builerp 39 
eh n themp 7 59 
mrmmkp 713, 739 
din per Sip 713 

glunuiriiup 713, 724, 739, TtK) 
gramims^ 721, 722, 724, 720, 724, 728, 
730, 739, 700 
agrostis, 727, 730 
mmi% 727 

umrue, 723, 727, 730 
phlvipraivNsisj 727, 730 
poup 727 
secaUs^ 

triticp 723, 730 
heManfhij 700 
fnalmceuriatp 713, 700 
mirahilissd m tp 7 30 
^}K*ckiafi(p 750 
sarmbatif 709, 713, 700 
frimpkx^ 739 
strrgkp 709, 700 
mbfdiens^ 709, 713, TOO 
iriiicimf 713, T24, 739, 740, 700 
Puciuniame, 71 1, 75S 
Fueduiastnmp 711, 758 
amencanuvp 758 
hydrangea^ 758 
minmmnp 758 
myrtilli^ 758 
Puiaanioia, 7 12 
PulT }>ulLs, 379, 389, 703 
Hii'ioking, 389 
Puffing, 471, 482 
Pull-down, 813 
Pinnpkin, downy mildew, 425 
wilt, 346 
f^uiik, 54 

Piinky diwase, 97 


PuHieii 19'il, II, 14 
PlirsIaiKs whit(‘ riLst, 424 
Pus ley, 39 
Piistuies, 20 

Pycuia, 382, 383, 705, 700, 717, 727, 72S 
Pycuidiiun, pi. pyenidia, 382, 384, 591, 
600, 602, 647, 048 

Pyaui<)8])tin*s, 705, 706, 3S2, 3S3, 384 
Fyctiovh ytri u np 42S 
globus u up PU 
Pyeiiosp(in*s, 602, PkS 
disseiniuatiun hy insects, 000 
disscininatinn by rain, Ii05 
Pyrcnuinycc“U‘s, 541, 017 
Fgref((}pv::i:ip 471 
mvdinigiuis, 495 
ikjruwphortp 548 
irichosiomu, 010 
PyzPiiru injury in leaves, 192 
Fyrus, 457, 458, 579 
eulkryuua, 3 0,1, 322 
eimmurkp 752 
imeeums^ 753 
m\sunemi% 319, 322 
Pytinaciau, 390, 122, 423 
I*ythuiup 39 i, 392 
eumpktieti.p 423 

dehuryuMiM, 34, 54, 391, 422, 423, 451, 

■ 779 ■ 

peiurgomi^ 4’23 
siikudi'Hs^ 423 
5ti 

eiiropiiihimi^ 423 

Q 

Quarantliiu uf 1912, 438 
Qmrem^ 457, OOH 
uihp OOH 
kigruy h20 
priu-my 608 
Quince, 451 
anthrucfiose, 507 
iiiticr pit, ICM 
bitdvr rtJt, 613 
blaek rot, 5H5, 593 
erown gall, 32Ci, 333 
ire blight, 307, 31H 
leaf blight, 520 
iwm^clery mildew, 508 
nwb tmteni, 748, 759 ^ . , 

silver leaf, 789 
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E 

Radish, 38 
hlaek rot, 302, 305 
ehil) root, 35-i, 359 
Rhizoetonia, 779 
seal), 342 
soft rot, 347 
w]dt(‘ rust, 413, 424 
812 

anioldii, 812 
t^chadcfihenjii, 813 
llafflesiaeoie, 812 

Raiii, agent in dissemination of bean 
anthraeuose, 637 
(‘ffeet on fertility, 06 
effect on pollen, 96 
effect on pollination, 96 
effe(‘t on sporidiian discharge of apple 
nist, 752 

relation to borax injury, 83 
r{‘Iation to dry rot of corn, 650 
Eamularia, 30, ^19, 622 
Rankin, 16 

Rape, black rot, 302, 305 
(rlub root, 359 
Raphanm caudntus, 413 
mtwmf 354, 359, 413 
Raspberry, 451 
aiithracnc)se, 541 
ca,ne blight, 616 
crown gall, 327, 329, 332 
eastern bhiesteni, 286 
leaf curl, 2<S7 
mosaic, 241, 286, 245 
mushroom root rot, 802 
orar)ge nist, 759 
Rhizoetonia, 779 
rust, 758 
spur bliglit, 614 
wt ‘Stern rust, 760 
yellows, 616 
Hatiuiy’s disease, 297 
Raveneiia, 513 

Razoumofskya, 6, 26, 811, 830 
Rod bugs, 97 

Red 'cedar, 43"""" ■ ' ■ ■ ■ 

cedar apples, 709, 740, 746, 747 
rust, 745, 748 

Red clover, stem nematode, 842 
Red currant, 611 
Red leaf spot, 387 


Red rust, 705, 721 
Red spiders, 6 

Redwood, mushroom root rot, 802 
Refrigeration, for brown rot, 483 
in Rhizopus control, 451 
injuries from, 210 

Eeimer's formula, for fire blight, 321 
Resin flow, 794 
Resin-Bordeaux, 720 
Resinosis, 27, 52 
Rhabdospora, 623, 624 
Rheosporangium aphardderfnaiujn, 423 
Rhinanthaceae, 811 
Rhinanthus, 811 
Bhizina, 470, 471 
inflataj 520 
Rhizinaceae, 471 

Rhizoetonia, 34, 37/ 51, 53, 279, 306, 
344, 376, 618, 761, 769, 772, 774, 
776 

hetcBj 769 

crocorum, 769, 770, 775 
disease, 263, 805 
medicaginis, 769 
rot, 769 
scab, 338 

solam, 769, 770, 775 
Rhizomorpha, suhcortimlisj 795 
suhterranea, 795 
Rhizomorphic root rot, 794 
Rhizomorphs, 373, 374, 376, 796, 798, 
799 

Rhizopods, 6 

Rhizopus, 443, 444, 447, 449, 458, 574 
diseases, 443-453 

nigricans, 56, 443, 446, 446, 447, 448, 
460, 451, 455 

Rhododendron, mushroom root rot, 802 
Rhubarb, crowm rot, 424 
mushroom root rot, 803 
Phytophthora disease, 424 
Rhus typhina, 608 
Rhynchodiplodia, 624 
Rhytisma, 31, 32, 472 
acerinum, 521 
psevdoplatani, 521 
Ribes, aureum, 493 
blister rust, 709 
nigrum, 493, 615 
rust, 757 

Rice, black smut, 703 
blast, 654 
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Kico, tiowny iniklow, 425 
^straight head, 115 
Rici7ms cow?mmis, 520 
Rim fire, 70 
Robbers, 810 
Robigalia, 722 
Rcesteliaj 707, 712, 747 
pijratd^ 7 47 

Rogueing, for leaf roll, 271 
Root blight .890 
Root gall 883, 845 

Root hypertrophies, (hie to illuminating 
gas, 195 

Root killing, H>1 

■.Root knot, 37, 359, S33,.S45, 840, 847 , 
Root rot, 53, 390, 797, 779 
■ Eonjmj arimwiem^ 41Z 
7uisiurti 413 
:Rosacein,.' 45S ^ 

Rose, 31, -47 
black rot, 593 
black spot or blotch, 543 
blmnn, 38, 387, 805 
brown canker, 614, 610 
cane rust, 760 
crown gall 326 
downy mildew, 426 
kings, 72 
mildew, 529 

powdery mildew, 542 ■ 

root knot, €40 
''''.rusts," 7:80' 
silver leaf, 7S9 
';of Sha roll,; 455., '■'■' 

RoHelUniUj M7 
earyffi, 613 

qiierdfia, 613 

Rosette, 26, 46, 236, 769, 776 ■ . 

disease, 233, *240*"241 
Rostrup, 10 
Rosy aphis, 51, 97 
i'tot, dry, 27, 53 
hite-hlight, 397 

' soft, 27,' 53 

Rotation of crops, for potato scab, 343 
for yellow berry, 67 
Rotifers, 427 

Rougli hark disease, apple, 51 
pear, 5 1 

Rubber, black thread and leaf Ml, 424 
i*anker, 5^1 


Rubber, plant, 4-1 
Ruhigaiia, 722 
Rubus, anthracnose, 541 
leaf spot, 614 

Rugosity in potato mosaic, 275 
Russet rings, 156) 

Russet seal), 769, 770 
Russeting, 51 
Rust, 52,” 382 
hyperseiisitive spots, 740 
Rust fungi, 704, 617 
auto-forins, 701 
eU“for!ns, 710 
hemi-forms, 710 
heten)-9}rm.s, 710 
impedieellatay 710 
lepto-fonns, 710 
long-cy<dc, 710 
ruiero-forms, 710 
pedicellata% 710 
short -cycle, 710 

Riitahfiga, black roU 3CMh 302, 305 
club root, 351, 359 
soft n>t, 347 
wdiite rust. 413 
Eye, hrtiwn let'if rust, 721, 739 
ergot, 376, 654, 61 1 
loose smut, 70il 
powdt»ry mildew, 5211 
seetiliug biigiil, Oil 
seedling diseast*, H05 
smut, 703 

stem neinatotfe, 810, 842 
Hteiii rust, 72fh 739 
yellow stripe rust, 721, 739 
Rye grass, 551 

H 

Biic fungi, 379, 3HI, 385 
t*<a€churum 425 

8h1 H4 

Salsify,,a,iKHvn.gaI,l,.332., ... 
root knot, H46 
whita rust, 408 
Biiitgraas, rust, 7IMI, 713 
Halt, use in di»inf«HUion of wheat, 678 
on Band drcnvii, 62 
im*. in separiiiing ergot, 558 
Ssit-briiie treatineiil for removal of rienm- 
- tcKle gftlls, 841 ' 

Sambiicws, 234 


Sainiuehellcn, .431 \ 

8a .11 Jose scale, 52 
8a.nd drown, 59-63 
8andai spike, 2S7 
8antalacea>, 810, 811 
Sanialmn albunij SIO 
Sap rot, 54, 767, 807 
Saproiegniales, 300, 391 
Saprophytes, 810 
8avasta.no, 10 

Scab, 17, 41, 51, 336, 337, 338,. 568, 670, 
.571,672 

Scald,5, 97, 121, 123 
coininon, 97, 122, 123 
soft, 97, 123 
Scaly mistletoe, 830 

Scariacation method for fire blight 
control, 321 
Scarlet Hibiscus, 455 
Sca\’engers, 810 
fHehizaritkus grahaniij 403 
Schissomyeetes, 6, 200, 291 
^Sch izoph pllunij 7 06 
alneum^ 398, 808, 809 
c,ommxm('‘j 809 
rot, 80!) 

Schorf, 337 
Schwarze, 17 
Sdexosporaj 394, 426 
grcvminicoldj 38, 424 
jammicaj 425 
xmicroHporaj 425 
maydis, 424 
phili ppinensisj 425 
sacckarij 424 
Hponianca^ 425 

Sdeivtinia^ 34, 39, 56, 376, 471, 479, 481j 
548, 550, 553 
americanaj 479 
cinerea, 473, 470, 480, 482 
cinerea mali, 479 
frudicola.f 479 

frucligena, 473, 479, 480, 481, 482 
tea, 473, 479 
Uhertianay 474, 520, 634 
nialij 532 
’niinoTj 520 
oregojiensis, 479 
oxyro(X% 520 
ndm\ 520 

t<(icrotu)nmij 54, 520 
trifdiorumj 376, 520 
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/Setetew, 26, 34, 375, 618, 706, 776 
dams, 549 * 

Sco]ecotrichuni,'620, 622 
ScrophulariacesB, 403 
Scrub pine, rust, 736 
Scurf, 51, 568, 769 
Seed disinfection, by sprinkling, 679 
by stepping, 679 
for bean anthracnose, 642 
for bunt, 678 
for cabbage rot, 305 
for potato scab, 343 
for KMzoctonia, 780 
injury from, 209, 227, 232 
Seed plots, for mosaic, 283 
Seed selection, for leaf roll, 271 
for Rhizoctonia, 780 
Seeding time, effect on bunt, 675 
Seedling disease, 441 
Seedling infection, 663 
Selby, 17 

Self-boiled lime sulphur, 487 
Sempervivu?n hirfum, 39 
Septobasidium, 764 
canker, 805 
pedicillatmn, 805 
Septocylindrium, 619, 622 
Septogloeum, 621, 623 
Septoria, 614, 616, 623, 624 
cerasina, 513 
gladioli, 660 
lycopersid, 660 
rihis, 615 

Service berry, fire blight, 318 
Seiaria italica, 424 
Shade plants, 178 

Shade trees, injury from electric currents, 
193 

Shading, effect on tip burn, 141, 142 
Shadow pictures, 181 
Shedding, cotton bolls, 96 
Sheep sorrel, 40 
Shelf fungi, 379 
smooth, 764 
Shelling, 96, 417 

Shepherd ^s purse, white mst, 413 
Shoe-string fungus, 54 
rot, 794 

Shoot infection, 664 
Short-day plants, 187 
Shothole, 25, 32, 33, 512, 517 
Silicic acid, relation to lodging, 185 
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Silver hlifihf, 7S2 

Silv(‘r dir^c'use, 7S2 
Silver fii'j 4«> 

SilvtT leaf, Ml It >4, 7S2, 797), 805 
hm^us, o7:>, 786, 787, 788 
Silver scurf, 3M7, 888 
Silveritig oi foliage, 25, 2S 
due to winter injury, 163 
Siiiiinons Hill, 18 
iSinkers, 825, 827 
Si'pi/fuJfn'um- ida.sKimufN-. 354 
<ijficifnd(\ 354, 413 
Skin spot, 3t>3 
Slime flux, 27, 51 
Slime molds, 351 
Siiiallpox, H'K) 

Smaikseeded alfalfa dodder, 81 ^ 820 
Smith, Elizabeth, K., 17 
Smith, E. F., 15, 16, 18 
Smith, 3i. K., 17 
SnHth-L(‘ver Hill, 13 
Smoke, effect on soil, 2t13 
Smoke injury, 198-208 
Smut, '‘balks," 674 
explosions ami lires, 072 
fungi, 383, 017, 002 
high, 007 
low, 607 
residual, 0ti4 
'‘shower/’ tK)3, 075 
Smuts, 378, 0(12-708 
Snapdragisn, rust, 759 
Stiuffy ears, 082 

Sodic nitrate, tdTeet on yellow berry, to 
Sodium cdihiride, etuistiUHmt of alkali, 
84 

S(>tlium cyanide, 848 
StKiium nitrate, cdTeet tut blossum-eiul 
n)t, 113 

Soft and ritig rot, 440 
Soft vui, 347 
Soft or watery nd, 443 
Soil acitiily, 72, 70 
efftHd. of, 77 
<‘fFe<*t on cltib rtnd, 77 
mode of actioti on plaids, 77 
relatitio to scab, 341 
Soil deOtatuich’s, 58 

Soil disinh^fion, for cabbage biaek mt, 
365 

Stud ext»esses, 71 
acquired, 71 


■ Soli excesses, effects of, 71 
natural,. 71 
, Boil, fia,x-sick, 055 

Bod moisture, etYect on potato scab, 342 
Boil, relation to blossom-end rot, 112 
Boi! .sterilizatiofi, by carbon bisulDliide 
210 

l yv cyanainid. 210 
by sulplmr, 210 
for root knot control, sly 
for wart control, 4311 
injury from. 2H) 

Boil i.{unp('r£d tin\ <‘ih'ct. on jxjtato s(*ah 

341, ■ ■ 

Boils, water-logged, effect, 121 
Sola liacete, 308, 403, 437 
brinvn rot, 347 
mos;d<*s in, 241 
fStdattum, cnn/jcn.ve, 493 
dtiieamum. MA7 
///fopcr.^“nv/w, 053 
niertum, ■1.37 
niV/raw f/?n*/a;7evr‘, 030 
Boluble sulphur, 582 
. 8o,raue.r, 8, 0 
Sorbm, 7i79 

318 

t'lHruimnu l/itcorur/cf//i//,K, 235 
Bo.re shin, 34 
Sorghum, 4!) 

iiowuy mildew, 425 . . 

head smut, ttpii. 793 
kcamel smut. Of id, 793 
louse kerne! sniuf, 793 
SnrmfmHfm, reiimhuM, 48, 49, 005, OtKl, 
703 

Borus, pi. Hori, 368, 365, 382, 383, 393, 
407, m2 
rust, 724 

Sour sap disease, 159 
Boy bean, iiiusaha 243, 287, 245 
iS/wrnsxkv^ 705 
895 

Bpelt, 677 

nematode disease, 840 
Biem rtist, 739 
yellow strifw* rust, 739 
Bp^rmatia, 383 
KpermatopliyleH, 0 
B|K*rmogoiiiu, 383, 795 
Bpkmeiia 54!) 

Bpimeelormi, 650 
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Sphacslotheca, 665 
, amenta, 703 ■ 
sarghi, 407, 703 
S%}hw7'elki rtdmia, 614. . 

Sphmna ‘morbemi, B^2 
purpurea, 549 
SphiBriaies, 546, 612, 617 
Spli£ericiiiiiii, 654, 555 
Spli8S,riodacesB, 618 . 

Sphteropsidace®, 623; ,624 
Spli 0 Bropsidale,s, 618,,. 657 ■ ■ 

Sphmropsis, 590, 591, 624 

mulorma, 160, 586, 590, 623, 624 
■pseiidodiplotlia, 590 
tumejaclens, 659 
Sphwrofheea, 527, 528, 630 
castagnei, 627 
liumuU, 529, 542 
leucoiricha, 5S2 
7nors-uiw, 544 
parmosa, 542 
Sphccrulina, 547 
irifoUi, 616 
Spliere fungi, 544, 611 
Sphere-throwing fungi, 763 
Sphincter, 385 
Spieula.', 832, S30 
Spike top, 811 
Spinach, blight, 245, 287 
leaf mold, 426 
photoperiodisin of, 188 
root knot, 846 
rust, 700,' 760 
smut, 662 
white smut, 703 
Spindle tuber, 273 
Spindling, 178 
Spiralism, 26, 51, 72 
Spirochsatales, 291 
Spondylocladium, 620, 622 
atromrens, 337, 338, 654 
Spongospora, 352-356 
scab, 362 

suhterrana, 6, 338, 362, 365, 368 
Sporangiophores, 444, 617 
Sporangium, pL sporangia, 351, 380, 
381, 383, 427, 436, 442, 444, 445 
Spore balls, 366, 366 
Spore fruits, 377, 381, 382, 386, 388 
Spore horns, 384, 599, 600, 602 
Spore tendril, 382 
Spores, 377, 378, 380 


Spores, asexual, 377 
bacteria, 290 
kinds of, 378 
sexual, 377 

Sporidia, 379, 663, 673, 674, 696, 705, 
708, 718, 729, 730, 74S, 749 
Sporodesmiurn, 620, 622 
Sporodochium, pi. sporodochia, 382, 
384,618 
Sporonema, 618 

Sporophores, 388, 763, 788, 796, 786, 
787, 799, 807 

Sporophytic generation, 713 
Sporotrichum,, 619, 622 
anthophilwn, 55, 653 
Spot infections, 608 
necrosis, 97, 116 
Spray russeting, 211, 212 
Spra-sulphur, 562 
Spraying, for aphis control, 271 
for apple powdery mildew, 539 
for apple rust, 754 
for apple scab, 5S0-5S2 
for apple-tree anthracnose, 509 
for asparagus rust, 720 
for bean anthracnose, 642 
for black knot, 566 
for black rot, 594-595 
for brown rot, 486 
for cedar rust, 753 
for cherry leaf spot, 518 
for chestnut tree blight control, 608 
for currant anthracnose, 494 
for downy mildew control, 421 
for early blight of potatoes, 631 
for late blight, 404 
for peach leaf curl, 466 
injury from, 209 
Spring colorations, 25 
Sprouting pears, 47 
Spruce, cuboidal wood rot, 808 
Engelmann, rust, 757 
leaf blister rust, 757 
stringy red-brown heartwood rot, 806 
witches’ broom, 709, 758 
yellow root rot, 805 
Spurge, 39 
rust, 709 

Spurges, flagellates in, 249 
Spurred rye, 549 
Squash, 454 
blossom blast, 454-456 
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Squash, downy mildew, 425 

fruit rot, 4o^-4r>t) 
wilt, :j4t> 

8tiighea<I, 93, Sll 
Stagotkispora, 023, 624 
carpatMciij 495 
Steaiu sterilization of soil, S47 
Sfecchennvm^ 705 
hallo mi, 800 
Htein eanker, 709 
St(un rot, 54, 422, 709, 779, 805 
rust, 713, 739 
i^iemphi/Iium, BW, {:>22 
i^terenm^ 3SS, 704 

purpurea m., 40, 372, 761, 782, 783, 

784, 785, 786, 787, 788, 789, 791, 
795 

Tugrmmcuhun^ 785 
Bterigiria, pi, st<n-iginata, 379, 703 
Stelginatoeystm, 541, 619, 622 
Hterility, due to eenient- dust, IfK) 

Stevens, 15, 16 
Stevens and Hall, 15 
Stigmina, 622 
Stigmonose, 51, 97 
Btiihaceie, 018 
Btilbelia, 018 
Btinkhorn, 764 

Stinking smut, 060, 670, 0^82, 703 
Stipe or stalk, 388, 80t} 

Btippen, 97 
Stipple streak, 277 
Stock, winter, black rot, 305 
Stolons, 444 

Stone fruits, bark fungus, 612 
blight, 612, 050 
brown rot, 520 
rust, 700, 759 
StDrag<‘ rots, 56 
Storage scab, 572 
Straight head, 116 
Strangle ^veed, 813 
StrawiauTy, 367, 449 
black eye, 159 
Botrytis rot, 56 
cauliflower disease, 833 
leaf s<*oreh, 543 
leaf spot, 31, 614 
leak, 501, 449 
powficay mildew, 542 
Bhlzoetoniii, 779 
roof knot, 840 


Straw])erry, soft or watery rot, 443 
stem iK'inatode, S42, 843 
winter killing, 159 
Streak, 273, 2S0, 287 
Strepthotiirix, 339 

Stroma, pi. stromata, 384, 385, 386, 602 
Strougi/loplarma iu'auowskii, 249 
Sfrumella^ tUS 
eonjueoUkiu 44, 6)54 
St ysan us, (US 
Subrninimum, 135 
Siihstratinu, 370 
Siigarbeet, annua lism, 157 
blight, 307 

l^alifoniia l>eet disease, 237 
curly leaf, 237 

,(‘iirly top, 233, 231), 237-240, , 238, 239, 
■ 245, 246 ' ■ ■ , , 

damping^olT, 423 
field doddm*, SI 4 
nematode, S32, 849, 850 
root i>!ight, 390 
root knot, 84t> 
western I 'flight, 237 
Sugarcane, dowtjy mildew, 425 
lime chlorosis, 75 
mosaic, 244, 245, 24% 277 
pineapple disease, 012 
root tiisease, 809 
root knot, 840 
Stdihophyiiion HIM! 

Sulpimtf* of soda, constituent of alkali, 84 
Sulphur, 18, 422^ 487, 494, 582 
atomic, 540 
dusting, BW 
for |>«)Ufo scab, 341, 344 
for powdery scab, 
iuuciilated, 344 
simseal«h 220 
Sidplmr dioxide, 198 
affinity for oxygen, 2ftl- 
aveiuie of eiitraEice, 204 
cfTect on Icfiticcls, 21)5, 206 
effc‘ct on traiispirntiois, 295 
injurious <amcent nd ions, 203 
grain, 204 
oak, 2CI3 
203 

Injury to, iilfalfa, 200 
ash, 202, 207 

barley, 202 ■ , 

2m 
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Sulphur dioxide, effect on transpiration, 
injury to birch, 207 
Brassica species, 206 
bulbs, 202 
cabbage, 203 . 
conifers, 199, 201, 204, 206 
deciduous trees, 199 
fruit trees, 202 ■ , . 

geranium flowers, 202 
. grape, 202 
herbaceous plants, 200 
■ iris, 206 
legumes, 206 
lupine, 201 
potato, 201, 206 
privet, 202 
Primus species, 199 
roses, 206 
spinach, 203 

sugar beet, 201, 202, 205, 206 
wall flower,, 202, 204 
indicators, 205 
injury, types, 199 
acute, 109 
chronic, 201 
invisible, 202 
Sulphuric acid, 203 
injury, 199 
Sumac, black rot, 593 
Summer fallow, effect on yellow berry, 67 
Summer spores, 392, 546, 605 
Sun plants, 178 
Sunburn, 136 

vSun flower, downy mildew, 425 
rust, 760 
smut, 662 

Sunscaid, 94, 130, 137, 182, 220, 627 

spots, 137 

Supramaximum, 135 
Surgery, 334 
Suscept, 5, 370 
Suspensors, 442 
Swamp cedar, top rot, 806 
Swarm spores, 356“350, 378, 380, 381, 
383, 300, 391, 401, 410, 411, 418, 

Sweet clover, mosaic, 241 
Sweet corn, wilt disease, 290 
Sweet pea, mosaic, 243, 287 
root knot, 846 
Sweet potato, 446 
black rot, 612 
dry rot, 612 


Sweet potato, pox or pit, 352 
root knot, 846 

soft and ring rot, 443, 446-449 
white rust, 424 
Sycamore, anthracnose, 614 
mushroom root rot, 802 
silver leaf, 789 
Symbionts, 810 

Symptoms of disease in plants, 25-57 
Bynchytrinm, 42S 
endobioticum., SS9, 4:Z2, 434^ 441 
solafii, 434 
vaccinii, 43, 441 

T 

Tan disease, 95 
TapJirina^ 457 
alni'>mcan(B, 469 
a/mentorumj 469 
ausiraliSf 4Q9 
hetulina^ 469 
468 

carpinij 469 
cerasi^ 46, 468 
cosndescens, 469 
communis^ 468 

deformans^ 38, 50, 385, 458, 462 
farlowii, 38 
laurendaj 47 
minor j 468 

prunij 38, 40, 468, 469 
theohromm, 468 
turgida, 469 
Taphrinopsis, 457, 458 
Tar, 204 

products injury, 191 
spot, willow, 31, 32 
maple, 31 
oak, 31 

Tarvia, injury from, 191 
Tasmanian black spot, 568 
Taiibenhaus, 16 
Teleutosorus, 382, 705 
Teleutospora, 712 
Teleutospores, 705 

Teliospore, 382, 705, 706, 707, 708, 716, 

727, 728, 749 

Telium, 382, 617, 706, 707, 716, 718, 727, 

728 , 746, 747 

Temperature, cardinal points, 135 
optimum, 135 
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T('ii)pora,ture, niaximum, 135 
minim uiii, 135 

low, effects of, 149 
ivlation ro |>ean anthracnose, 630 
relatior^ to brown spot of corn, 431 
relation to Inint, 676 
relation to downy mildew, 419 
r(4ation to late bliglit of potato, 4()‘>-- 
403 

ndation to leak of st rawberries, 450 
ndation to peach leaf enri, 465 
relation to Jlhizoetonia infection, 778 
relation to Hhizopms rots of awct 
ptdato, 44s 
Teovsinte, 43‘4 

dcmmy mildew, 425 
smut, 69S 
Ter,i:itoina:S, 328 ' 

Texas root rot. 53, 806 
Textbooks, English, 20-22 
■Cieriiiaii, 22--23 
■French, 24 ' 

I’halictnmu rust, 709, 759 
Thc.it‘.phora, 764 
iaciniatu, 805 
purpurm, 785 
Thelephoracea*, 7tU, 805 
Thcmum aipifuim, 811 
■■^ ■ T.kiekma\ 522 ^ ' 
bmicola, 34, 541 
ThudaviapMs, 620, 622 
‘pamioxa, 652 
Thiobaetc'nules. 291 

Thrifty dt‘Vi‘iopinent, needs or requir<-- 
incMits f(n-, 3 ' 

Tlirlpsi '97 ' 

Thrombosis, 26, 36 
I illciitij ()63, 665 
budilwana^ 47 
carm, 673 
Jntam, <>73 
horrUla, 703 
lixh, 666, 667, ti73, 703 
fntick 36, 39, 66tHI67, 670, 673, B7i 
70c3 ^ 

Tilletia<!em, 665, 703 

Tinjfjer rot, 806 

Tiinolhy, lf‘af smut, 702 
«lem rust, 727 
Tip burn, 139, 140, fl27 
'rilaea, 619 
loadstool dis<*ase, 794 


i 'Oa-ds tools, 379 
Tobacet), 441 
blue rmjld, 426 
branched broom ra])r\ S12 
l>rown rot. 293, 299, 347 
chlorosis, due to jmtash hunger, 61 
<iue to sulphur ilcficiencv, r>| 
infectious, td 
(U'own gall teratomas, 328 
french ing, {]l 

mosaha 61, 243. 244 2 15, 2-M, 2 17 248 
249, 27! 280, 287 " 

])hotnperitHlisni. Lss 
Phyiopiitliora blight, 424 
root knot, 846 
r()ut rot, 541 
sand drowti. 59~t;3, 60 
wild tire, 34o 

'loniato, 31. 41, !t”l, 4ti3. 437, 441 45 j 
h»iack n»t, 107 

hlo=;s,)ri.-,.,ui rut. lor-Jin, 109 . in 

brown rot, 2!*3, 337 
buctke>a'? rot, •423 
crown gall, 332 
dry rot, 107 
early fdighf, ti30 
fern It»af, 243 
filiform leaf. 243 
fruit rot 107, tirs 

leaf mold, 31, 1343 
le-af spot, 6611 
mosaic, 243, 24 I. 2\7 
point rot. ■ 
liliiijoctonia, 779 
root kuiot. 846 
soft rot, 347, 443 
streak, 287 
sun seahh 137 
wilt, 630, 655 
Tooth fungi, 7tw 
Tooth wort. Hi I 
IVnaila, 620, ii22 
TtrxiV soil ctimpnunds, 72 
Toxicity of soluble salts, 88 
Tra metes, 7ti6 
Triinspiraticwp 92, 177 
eutkmhir, 178 
stmrutt'iih 178 
711 

pnmiafa, 30 , 709 , 759 
Tmppersj KIO 
'free niildem^ 543 
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Tree surgery, for apple-tree aiithracnose, 
508 

for black knot, 566 
for chestnut-tree blight control, 608 
for fire blight, 319, 320 
for silver leaf, 791 ■' 

Trichina, 832 
TricMnella spiralis^ 832 
Trichinosis, 832 
Trichocladia, 531 
Trichoderma, -622 
Trichoseptoria, 623, 824 
Trichmphmria^ 547 
mccharlj 612 
Triurinatostroma, 618 
Triiiaun., 529, 542 
conipartunif 676, 727 
(iicoceum^ i)77j 727 
(iurtwi, 677, 727 
tmnococcwmj 677, 727 
'p{)lo7iicu‘m, 677 

spelkij 677 ■ , • 

turgidumj 677 
mdgare^ 676, 727, 735 
Trypanosomes, 249 
T liber emia scahieSy 365 
Tubercles, 26 
Ihibertulanay 618 
persicmay 718 
Tiiberculariacese, 618 
Tiickahoe Indian bread, 376 
Tulasne brothers, 8 , 

I'nlip, root disease, 843 
Tumefactions, 325 
Tunror strands, 331, 332 
Tumors, 26, 323 
secondary, 331, 332 
Turgidity, 92 

Turnip, black rot, 302, 305 
(*iub root, 354, 359 
crown gall, 332 
mosaic, 245, 287 
seal), 342 
soft rot, 347 
white rust, 413 
Tylenchidm, 832, 837 
Ti/l&nchulus, 832 
s&mipendransy 832, 844 
Tylenchmy 832 
'dipsaciy 832, 833, 842, 843 
penetram, 832 
himiiisy 832 


Tylenchus, tritichy 832, 833, 835, 837, 839, 
840 

Tyloses, 802 

Typhula, 765, 805 

Tyrosin, 133 

Tyrosinase, 133 

Twig blight, 159, 307, 310, 585 

Twig casting, 95 

' U 

XJmbelliferffi, downy mildew, 425 
XJneinulay 528, 630, 531 
necatoTj 529, 542 
salidSy 524 
spiralisy MZ 

Undercooling, potatoes, 169 
Unger, 7 
Uredinacese, 712 
Uredinales, 617, 704 
imperfecti, 712 

Uredinium, pi. uredinia, 617, 705, 706 , 
707, 716 , 717, 724 , 727, 728 
Urediniospores, 705, 706 , 707, 716, 717, 
727, 728 

Urediniopsis, 711 
VfedOy AQ%y 712 

carbOy 662 
frmnentiy 722 
triticiy 682 

Uredosori, 705 
Uredospores, 705 
Urocystisy 665 
cepulcBy 7QZ 
occultay 703 
triticiy 703 
Uromijces, 708, 712 
appendicuiatusj 758 
caryophyllinusy 758 
hybridum, 758 
pisiy 709 
striatus j 495 
irifoUiy 758 
irifoUi-repentiy 758 
UrophlycHSy 428 
alfalfcBj 428 
Uspulun, 679 
for cabbage black rot, 305 
for club root, 360 
Ustilaginacejse, 664, 701 
Ustilaginales, 617, 662 
Ustilagoy 663, 665, 694 
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T'xtihifi-t, at'fufr, 40, 701 

airho, HS2 
cnimLL'i 703 
Jli>ehrri^ 690 
hon/ei, 702 
Icris^ 40, 702 
fiadify 40, 6S6, 702 
oxalidl^ 40 

svgctiuUi 682 

,dri(Fforml,s, 702 

frifid, 681, 683, 684, 686, 686 

dolacea, 40, 4-6 

mr, 43, t>90, 601, 692, 693, 694, 695, 
698 

Uterus, 838 

Y' 

Va(*i*iniinn, rust, 38, 758 
witahc's’ f jrooin, 758 
Vacuuie, 371 
I'a/.w, 547 
hucaaionui, 612 
VaUoMrtna pamdtka, 601 
Variegation, 233 
aithea, 234 
burning ljush, 234 
corn, 234 
holly, 234 
maple, 234 
nasttirtium, 234 
periwinkle, 234 
^ebra grass, 234 
Veni'uria^ 547, 575 

itusqualiit, 41, 51, 5«i.S, 574, 67S, 676, 
579, BI5 
Plirinu, 579, 615 

VornK?s, 6 

Verm-iciiidrid, 623, 624 
drcinumj 523 
VeriidUium, 619, 622 
alhoairum, 653 
\Vt(*h, root knot, 846 
Vihimium fhim, 789 
Viriti/abd, 6)40 
Vigaa dhnms, (410 
Viu(;a, 234 
Vinegar rot, 4411 

1 Kiiprsiriiij 47 

Violet, 441 
flowrtv mildew, 426 
h‘af.spot,30 


\4olet, root knot,, 846 
’Vdrgmia cree|)er, sliot hole, 33 
Virus, 4, 5 

Virus diseases, 4, 5, 50, 233, 
filterable, 247 

nature of causal ag(au‘>', 246 
theories as to (‘ausi^, 246-249 ■ 

VisCUMy 6 

(dhmn-y 811, S23, S27, 828 
VUis, 590 
dkifera, 414, 420 
Voiuleild, 618 
cirvim-m^ 523 
Von Vubeuf, 10 
■ \‘ulva, 837, 838, 830 

W , 

Wa-kker, 17 

Wail fioH-er, white rust, 413 
Walnut, anthmenuse, 614 
crown gall, 332, 333 
inushiTiom root rot, S02 
Ward, li Vfarshall, 10 
. Warts, 26 , , 

Warty disease, 432 
Water eores 5, 115 
Water eress, white rust, 413 
Water, fuuetbii of, 92 
Water mcdds, 300, 427 
Watcw parasite, 825 

5\'ater pori»s, a\’emie.s of enfranee for 
bacteria, 206 
relation to tip hunp 142 
Wafer short age, eiTtvfson piaiils, 92-03 
Watiwiogged soils. 94 
afennelori, fdussoin-end mt, ,15 
nx»t knot, 846 
wilt, 346 

Weeping willow, nnd knot, 846 
Western yellow |«nt‘, Kli 
billing, 612 
ieaf east, 521 
witches' t>roimi, 521 
Wetfwt, 121 
Wet rot, 398 
Wlieat, m, 137, 297, 299 
blaek chuff, 299 
833 

bulb dlsf^iisc, SiiS 
.bunt, 666, 67% 703 
' cbwny mildew, 425 
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Wheat, eliiram, 677 
eJffect of high temperatures on, 136 
false ergot, 833 
flag smut, 703 
foot rot, 654 

. frost injury to heads, 165, 156 ' 

■ grass, 297 

injury to seed by formaldehyde, 230 
injury to seed by hot water, 227-228 
loose smut, 664, 681-690, 683 , 702 
magnesium oxide injury, 191 
nematode disease, 833, 835 , 836 , 842 
orange leaf rust, 713, 721, 724 , 760 
photoperiodisin of, 188 
Polish, 677 
Poulard, 677 • 
powdery mildew, 529 
purples, 833 
.Radekraiikheit, 833. 
rose red disease, 17, 288 
rosette d i se; ise , 233, 249, 240-24 1 
scab, 611 

seedling blight, 611 
seedling disease, 805 
speckled leaf blotch, 616 
stem rust, 19, 713, 721, 724 , 739 
stinking smut, 666, 670 
take-ali, 240, 616 
wild, 550 
winter killing, 159 
3tI1ow berry, 63, 64, 66 
.yellow stripe rust, 713, 721, 724 , 739, 759 
OTietzel, 16 
White alkali, 85, 86 
White henbane, earlj" blight, 630 
White pine, leaf cast, 521 
White rust, 38, 379, 381, 382, 407-414, 
408 

White smuts, 665, 703 
Wiutewashing, for control of sunscald, 
176 

Wiki fire, 349 
Wild grass, nematode, 840 
Wild strawbeny, 441 
Willow, 31, 32 
canker, 659 
common dodder, 814 
crown gall, 326 
rust, 757 
silver leaf, 789 
■' tar spot, 31 
Wilt, 36, 54 


Wilt diseases, 35 
Wilting, 26, 34, 35 

Wind, agent in dissemination of dry rot of 
corn, 649 

dissemination of corn smut sporidia, 695 
dissemination of silver leaf fungus, 788 
relation to smut showers, 675 
Winter injury, 151, 158-165, 179,226,776 
Winter killing, winter annuals, 158 
Winter spores, 393, 546, 605 
Witches’ brooms, 26, 39, 46, 46, 47, 274, 
298, 328, 468, 469, 659, 709, 811, 826 
Witch-hazel, black rot, 593 
Wonderberry, early blight, 630 
Wood ashes, effect on potato scab, 341 
Wood rot, common white, 807 
Woodbine, downy mildew, 421 
’Woody species, canker or dieback, 61 1 
Woolly knot, 323, 327 
Woolly root, 323 
Woronin, 10 
Wrappers, oiled, 122 
for scald, 127 

Wrinkling, in potato mosaic, 273 

X ■ 

Xylaria, B4.7 
Jiypoxylon, 644 

' Y. ■■ 

Yeast, 380 

Yellow’ berry, 2, 63, 66 
Yellow disease, 288 
Yellow dwarf, 277 
Yellow leaf, 511 
Yellow leaf blotch, 41 
Yellow rattle, 811 
Yellow root rot, 805 
Yellow stripe rust, 713; 724 , 739 
Yellows, 41, 263 , 256, 511 

. ' Z 

Zea mays, 709 
Zooglceal straiids, 321 < 

Zoologist, economic, 6 
Zoosporangium, 380, 381, 392, 427 
Zoospores, 378, 381 
Zygomycetes, 442, 443, 617 
Zygospore, 379, 380, 381, 442, 446, 455, 

. 617 

Zygote, 427 



